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INTRODUCTION 
The animal industry is very important to Iowa. According to the 1994 Iowa 
Agricultural Statistics, Iowa ranks number one in the nation in hog numbers with 26% of the 
nation's supply. Cash receipts for hogs and pigs in Iowa were estimated to be $10.9 billion 
during 1993. Marketed hog numbers have increased slightly from about 22.6 million head in 
1983 to between 24 and 25 million head in 1993 and 1994. In addition to approximately 14.6 
million head of hogs, Iowa had 4 million beef cattle and calves and 300,000 head of dairy 
cattle on hand as of January, 1994. An Iowa State University (ISU) economist estimated that 
in 1992,57% of the state's com production and 71% of it's soybean production was 
consumed by livestock (J. Lawrence, 1994 unpublished data). 
While the animal industry is important to the state, it is also the cause of much 
concern. Citizens are worried that the state surface and groundwaters will become polluted 
by manure. There are three potential pathways through which nutrients and other 
contaminants in manure might reach the waters of the state: 1) seepage from storage 
structures such as pits or lagoons, 2) overtopping or structural failure of pits or lagoons, and 
3) losses from land application areas that receive manure removed from storage. 
Losses from land application areas can occur either as infiltration or surface runoff 
The risk of loss is slight from properly applied manure, especially if it's applied in the spring 
through fall, and is injected beneath the soil surface or incorporated immediately. Some 
producers have inadequate storage facilities, however, and must apply manure during the 
winter when it's impossible to inject or incorporate. Many dairy producers use daily scrape 
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and haul manure systems which require land application throughout the year. Although 
winter application has not been prohibited by Iowa regulations, it has been discouraged. The 
recommendations are that "manure application on frozen or snow-covered cropland should be 
avoided where possible" (Env. Protection Comm., pi357,1996). They recommend that 
manure be applied only on land slopes of four percent or less, and that adequate erosion 
control practices are used on the application areas. 
Research done on winter application of different types of manure is conflicting. 
Some showed high nutrient losses in runoff (Hensler et al., 1969; Shulte et al., 1979). 
Others showed runoff quality from manured plots to be no worse than runoff from 
unmanured areas (Witzel et al., 1969), or even to be better than manured plots. In some of 
the studies the manure acted as a mulch and reduced nutrient losses and erosion (Young and 
Mutchler, 1976; Converse et al., 1976). All of the studies were done on steeply sloping land. 
The question remains; how much risk of surface runoff quality deterioration results from 
winter application of manure? 
This study was designed to address the question of losses to surface runoff, and verify 
or refute the conflicting results from the previous work. Winter-applied manure may lay on 
the land surface for up to three months prior to runoff occurring. Pollution potential may 
decrease with time after application, especially ammonia-nitrogen. If winter-applied manure 
presents no greater risk to surface water quality than spring broadcast manure, allowing 
winter applications would provide an advantage to Iowa producers, as they try to compete in 
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the marketplace. If, on the other hand, winter application presents a very great environmental 
risk, it should perhaps be banned entirely. 
Time of application was expected to make a significant difference in the 
environmental threat presented by winter-applied manure. Two dates of winter application 
were investigated to determine differences between manure applied early in the season on 
frozen soil, prior to snowfall, and manure applied late in the season on top of the snow. Fall-
incorporated manure was applied to serve as a benchmark for comparison. Fall incorporation 
is commonly used in Iowa. 
In some of the previous studies high losses were reported from plots receiving very 
high application rates. For all treatments in this study, the objective was to use realistic 
nitrogen application rates that could potentially be used on Iowa farms. 
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REVIEW OF LITERATURE 
Water Quality Concerns 
Animals produce manure. How much manure is produced, and how it is managed 
within the environment, determines its pollution potential. Animal manure research has been 
ongoing for many years as evidenced by early publications on the subject such as Hawk 
(1907). Thome (1914) reported on raw manure production measurements and analyses 
dating from as early as 1889. He reported manure production for cattle was from 63 to 69 
pounds per day per thousand pounds of body weight. The raw manure was about 85% water 
and contained approximately 0.5% nitrogen (N), 0.11% phosphoras (P), and 0.3% potassium 
(K). Modem tables of estimates have been developed (ASAE, 1990; MWPS, 1993; Lorimor, 
1995) based on more recent research. 
The threat to water quality from manure depends primarily on the exposure of the 
manure to hydrologic events. The animal housing system (open lot versus confinement); the 
method of collection, handling, and storage; and the method of ultimate disposal or 
utilization all determine how exposed the manure is to the environment. Early work defined 
open feedlot effects. Swanson et al. (1971) reported that solids removed from open feedlots 
were predominantly soil. Madden (1971) concluded that for open feedlots, a maximum 
potential of 5% of the total waste generated might leave the feedlot in the surface water, and 
that percentage could be reduced using solids settling facilities. Robbins (1971) studying 
stream water quality below livestock production areas reported that even with poorly located 
lots and disposal areas, less than 10 percent of the total waste load has the potential to reach 
the stream. Even though the percentage of the total waste load is low, Swanson et al. (1971) 
reported that feedlot runoff might contain 75 times the phosphorus content, 30 times the 
ammonia content, and 4 times the nitrate content of runoff from fallow fields. 
Total confinement units reduce the pollution potential of animal production by 
moving the animals inside, thus removing the manure from exposure to precipitation effects. 
Iowa legislation requires manure produced in confinement facilities to be stored in pits or 
lagoons until it can be land applied. The legislation prohibits discharge of manure from pits 
or lagoons (IDNR, 1992), and requires it to be applied to farmland. There are three major 
water quality threats from liquid manure systems; groundwater degradation due to seepage 
from the containment structure, groundwater and surface water degradation from a structural 
failure or overtopping of the containment structure, and groundwater and surface water 
quality degradation from land applications of manure. 
Nutrient Losses to Surface Runoff 
Much research has been done on the effect of tillage systems and fertilizer 
applications on surface water quality. Most studies show that as tillage is reduced and 
residue cover is increased nutrient losses are reduced along with soil losses. A high 
percentage of the nutrients, especially P are attached to the soil particles (Johnson et al., 
1979; Romkens et al., 1973; Timmons et al., 1973; McDowell and McGregor, 1980; Barisas 
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et al., 1978; Baker and Laflen, 1982). Differences in runoff quality result from not 
incorporating broadcast fertilizers (Timmons et al., 1973). 
Several studies have shown that leaving crop residue on the soil surface can result in 
increased soluble nutrient concentrations in surface runoff. Some of the increased 
concentrations are from soluble nutrients leaching from crop residues themselves. Timmons 
et al. (1970) documented increased releases of soluble organic and inorganic P from alfalfa 
and bluegrass undergoing a series of freezing, thawing, and drying cycles. Leaching 
removed 22.9% of the total plant P as soluble inorganic P and 1.71% of the N from bluegrass 
in the first freeze-thaw cycle. Freezing, then drying increased the losses to 32.4 and 4.0% of 
P and N, respectively. The researchers suspected that little or no soil interaction occurs when 
spring runoff occurs and the soil is still frozen, so soluble nutrients are more easily 
transported in surface nmoff. The estimated losses of P were 0.65 and 0.27 kg/ha from 
alfalfa and bluegrass, respectively. 
Baker and Laflen (1982) found runoff from erosion check plots with com residue 
cover had lower concentrations of P than the water they had applied as simulated rainfall. 
They stated the residue was. at most, only a minor nutrient source and speculated that it may 
have already been leached during winter storage. McDowell and McGregor (1980) found 
losses of 2.8 kg/ha total P from no-till soybeans compared to 17.6 kg/ha from conventionally 
tilled soybeans. High soil losses accounted for much of the difference. Solution P was 
significantly higher for the no-till practices. Concentrations averaged 0.400 mg/1 from no-till 
and 0.016 mg/1 from conventional till. Romkens et al. (1973), investigating fertilizer losses. 
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found that decreased tillage resulted in lower soil losses but higher soluble nutrient losses. 
They found soluble P losses of 10.7% of applied (4.85 kg/ha) for coulter tilled treatments 
down to 0.16% (0.003 kg/ha) for conventionally tilled losses from two storms. Overall, 
research indicates that increased plant residue cover on the soil can result in increased 
concentrations of soluble nutrients from residue decomposition and leaching. Losses of over 
2 kg/ha of soluble phosphorus are possible. 
Manure Contributions to Surface Water Nutrients 
Many researchers have studied manure effects on surface runoff water quality. Reese 
et al. (1982) reported elevated concentrations of total kjeldahl nitrogen (TKN), phosphate-
phosphorus (PO4-P), chemical oxygen demand (COD), and total solids following dairy 
manure surface applications to pasture. Both dry and liquid manure were applied. Nitrate-
nitrogen (NO3-N) levels remained well below the drinking water standard of 10 mg/1. The 
other constituents, TKN, PO4-P, and COD returned to low, stable levels after 4 to 7 runoff 
events. From 2.7 to 4.1% of the total applied nitrogen ran off. Phosphorus losses ranged 
from 7 to 12% of the applied amount. After 4 years of studying surface applications of 45 
t/ha/yr of dairy manure to Coastal Burmuda grass, Long (1979) reported no "serious 
detrimental effect" on runoff water quality. When the 45 t/ha rate was incorporated into the 
top 15 cm of soil, ammonia (NH3-N) and NO3-N concentrations were both less than 5 mg/1 in 
the runoff water (Long et al., 1975). Muck et al. (1975), studying runoff from plots which 
received poultry manure, concluded that the nutrient mass losses (for ammonia-nitrogen. 
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TBCN, and PO4) were approximately proportional to runoff volume, and that concentrations 
increased with flowrate. The correlation did not hold for nitrate-nitrogen. They investigated 
constants to relate nutrient concentrations to time and flow rate. For all but nitrate-nitrogen 
the authors suggested the equation: 
C = A-Be"'^^ (2-1) 
where C = nutrient concentration (ppm) 
A = maximum possible concentration of the nutrient (ppm) 
B = difference between the maximum and minimum concentration (ppm) 
K = constant (min/1) 
Q = flow rate (1/min) 
defined the relationship. Based on this equation, as the flowrate, Q, increases the second 
term approaches zero and C becomes larger. At a flowrate approaching zero, the minimum 
concentration exists (= A-B). No relationship between nitrate-nitrogen concentration and 
flowrate was reported. 
The time between manure application and the first runoff event has a significant 
impact on runoff quality. In a swine manure study, McLeod and Hegg (1984) found that 
runoff quality from manured areas is significantly worse for the first runoff event than for 
subsequent storms. Westerman and Overcash (1980) showed an inverse relationship between 
pollutant concentrations and the interval between manure application and runoff occurrence. 
TKN, total phosphorus, chloride, and COD concentrations in runoff were reduced by up to 
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90% after three days compared to a 1-hour delay before runoff occurred. Edwards and 
Daniel (1993) found a nearly linear relationship between manure application rates on fescue 
plots and pollutant concentrations. As rainfall intensity increased, concentrations decreased 
due to increased runoff and dilution. Less than 4% of the nitrogen applied was lost while 
17.9 to 31.4% of the phosphorus was lost. Part of the decrease in nitrogen concentrations in 
runoff with time can be attributed to ammonia loss through volatilization. 
Ammonia Volatilization 
Nitrogen in manure is found as either ammonia (NH3), ammonium (NH/), or organic 
nitrogen such as protein or urea. Ammonia forms (NH3 + NH/) normally make up from 40 
to 70% of the total nitrogen content (Steenvoorden, 1989). Cabrera and Gordillo (1995) 
summarized data from six other researchers and found that ammonia ranged from 38 to 78% 
of total nitrogen with an arithmetic mean of 62%. 
Several factors affect ammonia loss from field-applied manure including time, 
temperature, pH, moisture level, depth of incorporation, and ammonia concentration in the 
manure. The vapor pressure of ammonia is 760 mm Hg at -33.3° C, so it is a gas at normal 
atmospheric pressures. pH is important since it affects the chemical balance between the 
volatile NH3 nonionized form and the positively charged NH/ ion form of nitrogen. 
+ (2-2) 
Since NH/ is positively charged, it is quickly attached to negatively charges soil particles. A 
high pH drives the reaction to the right and results in increased concentrations of the volatile 
NH3 molecule. 
A significant proportion of the total nitrogen content of manure can be lost through 
ammonia volatilization. Thompson (1990) and Cabrera (1993) reported that losses are 
usually high during the first 5 to 10 days. Losses from 11% (Hoff, 1991) to 78% (Pain et al., 
1989) of applied have been reported. Lauer et al. (1976) reported losses from 61% to as high 
as 99% of total ammoniacal nitrogen in 5 to 25 days and described three time dependent 
stages. The first stage, when ammonia concentrations in the manure are high, had a half life 
of less than a day; at lower concentrations, ammonia had a 2-4 day half life; and the third, 
after much of the ammonia has been lost, had a half-life of 4 days or more. Salter and 
Schollenberger (1938) reported mean total N losses of 15% in 6 hours, 27% in 12 hours, and 
42% in 4 days. The losses occurred quickly, leading them to suggest half lives of 0.6 to 4 
days. Heck (1931) found initial half lives of 0.5 to 2.0 days. Stewart (1970) demonstrated a 
NH3 volatilization half-life from feedlots of 1.5 days. 
Temperature affects ammonia volatilization. Although Brunke (1988) found a low 
correlation between short term ammonia flux magnitudes and temperature, other researchers 
have reported closer correlations. Bear and Royston (1919) found that urine exposed to the 
air lost 92% of it's nitrogen in 7 weeks at 38° C. At 32.5" C it took 12 weeks to lose that 
amount. Ernst & Massey (1960) looked at the effects of several factors on volatilization and 
reported increasing temperature markedly increased volatilization in experiments run 
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between 7 and SO^C. Watkins et al. (1972) examined ammonia losses from 7 to 18*^0 and 
reported both greater loss rates, and greater total losses at the higher temperatures. Sommer 
et al. (1991), investigating losses from surface-applied liquid cattle manure found increasing 
loss rates with temperature. In experiments run in four periods of 0-6, 6-12,12-24 hours, 
and 24 hours through 6 days after application, the temperature effect was most pronounced 
during the first six hours. The exponential relationship was defined as 
L= IS.O+O.OSle^"-^^^"^^ (2-3) 
where L is the ammonia loss rate expressed as a percentage of the total ammoniacal nitrogen, 
and T is temperature, °C. They derived linear equations for the three later time periods with 
correlation coefficients ranging from 0.155 to 0.724. Temperatures as low as 2.8° C were 
investigated. 
Lauer et al. (1976) found a time weighted volatilization half-life of 3.44 days. They 
stated that at one extreme, weather conditions in January stopped ammonia volatilization, but 
99% of the ammonia was lost from manure in August. Further explanation reveals that the 
January-spread manure was placed on 5 cm of snow and covered by another 18.5 cm shortly 
thereafter. The temperature did not exceed 0°C for the following week. During an April 
experiment they reported alternate freezing at night and thawing during the day did not 
produce significantly different loss rates from several warmer weather rates. They cited 
Midgley and Weiser (1937) as reporting an ammonia loss in excess of 50% over 2 days when 
manure was subject to freezing. 
Beauchamp et al. (1982) reported diurnal variation in ammonia flux from liquid dairj' 
manure applied in early May. They stated that "the diurnal pattern in ammonia flux. 
appeared to be closely related to aerial temperature". Temperatures were O" C or less on 
several nights and got as high as 20''C some days. Whitehead and Raistrick (1991) studied 
the effect of temperature on livestock urine applied to soil and found an increase in ammonia 
volatilization from 25 to 38% as the temperature increased from 4 to 20°C. They found that 
the temperatures affected both volatilization and nitrification rates. 
Jayaweera and Mikkelsen (1990) modeled ammonia volatilization from a flooded soil 
system. They achieved good results modeling the system using five primary factors: 
floodwater NH4-N concentration, pH, temperature, wind velocity, and fioodwater depth. 
Their model was written for 10 deg C and higher since their concem was ammonia loss from 
fertilized, flooded rice fields. 
Surface Water Quality Effects of Winter-applied Manure 
Winter applied manure can significantly affect surface runoff water quality. Hensler 
et al. (1969) reported significant N and P losses when fresh bovine manure was applied to 
frozen soil. The manure application on 11% sloping plots followed by a January thaw and a 
1.9 cm rain that fell within 24 hours after manure application resulted in losses of 10% of the 
total N applied. The second year of the experiment little loss occurred due to a lack of 
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precipitation. The two year annual average N and P losses in runoff were 10 and 6 percent, 
respectively, almost all of which occurred as a result of the 1.9 cm rainfall. Total runoff for 
the two years was slightly less for the manured plots. Young and Mutchler (1976) found that 
solid dairy manure applied to 9% sloping, fall-plowed ground reduced soil losses and runoff. 
They found higher nutrient concentrations in snowmelt runoff from manured com plots, but 
total losses were about equal to the control plots due to the reduced runoff volume. Losses 
were 3% of the applied N and 4% of the applied P. They found little difference in thawing 
rate. Although losses from alfalfa plots were higher, they concluded that winter manuring 
might actually be a valuable practice when used in conjunction with other conservation 
practices. Snow fences surrounded their plots to increase snow accumulation depth, so the 
study did not include the effect of crop residue height on snow depth. 
Converse et al. (1976) also documented greater runoff from check plots than from 
manured plots. They studied alfalfa plots with fresh dairy manure applied in the fall, winter, 
and spring. No significant differences were observed in nutrient losses. They examined the 
plots to try to account for the runoff differences and found more earthworms, and increased 
grass and mulch depth, on the manured plots. Witzel et al. (1969), reporting on a one-year 
investigation, showed about the same nutrient losses from small Wisconsin watersheds that 
received winter manure as those that didn't. 
Shulte et al. (1979), on the other hand, applied swine manure at three times (fall, 
winter, and spring), at two rates (250 and 500 kg/ha), and found larger nutrient losses from 
winter-manured plots than from fall- or spring-manured plots. They documented that the 
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greatest runoff amount (nine times larger) occurred the year with the least snow 
accumulation, and attributed the difference to antecedent moisture and infiltration 
differences. 
Steenhuis et al. (1975) described two ways nitrogen may be lost; as soluble nitrogen 
with the liquid runoff, and as organic nitrogen as part of detached particles from the feces. 
When a straw-urine mixture was placed at the midpoint or bottom of the snowpack, they 
observed an average 73% nitrogen loss. With the straw-urine mixture at the top of the pack, 
the average loss was only 13% of the total nitrogen applied. They calculated volatilization to 
be up to 35% with the mixture on top. Fecal nitrogen losses were much lower than urinal 
losses. Steenhuis et al. (1979) conducted both laboratory and field experiments on winter-
applied manure using stanchion bam dairy manure, including bedding. They stated that 
frozen soil is not necessarily impenneable, and that infiltration may still occur depending on 
the soil temperature and blockage of the pore space by ice. They concluded that the fate of 
the first meltwater after spreading largely determined the fate of the nitrogen; if it infiltrates, 
losses will be small. 
Snowpack Dynamics and Infiltration 
Water infiltration into the snowpack and into soil has a major influence on runoff volume. 
According to Chow et al. (1988) runoff can be expressed as 
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A'/ 
(2-4) 
//l=I 
where rj = depth of direct runoff over the watershed, cm 
M = total number of intervals 
Rn, = rainfall for time interval m, cm 
(j) = constant rate of abstractions, cm/h 
At = time interval, hrs 
He defines abstractions as primarily water absorbed by infiltration. 
Infiltration into soil is affected by a number of factors. Hydraulic conductivity is the 
primary variable affecting infiltration. It, in turn, is a function primarily of soil texture and 
mechanical rearrangement of particles within the soil structure. Total nitrogen and 
phosphorus losses from winter-applied manure would be a function of infiltration both before 
and after the soil thaws in the spring. 
Infiltration into the snowpack can also play a major role in both the timing and 
amount of meltwater runoff Most authorities agree that essentially all melting occurs at the 
surface of a snowpack (Shoemaker, 1971). The resulting liquid infiltrates the porous 
snowpack, then either infiltrates the soil below, or runs off as surface flow. A deep snowpack 
has a greater porous volume, and consequently more liquid holding capacity than a shallow 
snowpack, given similar capillary size characteristics. 
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Three basic snowpack models were outlined by Morris (1982). He described models 
based purely on air temperature, degree-day methods; some based on energy budgets for 
computing surface melt; and some based on energy budgets for the snow that include 
percolation through the snowpack. Bengtsson (1986) describes processes in a snowpack that 
influence timing of the melt flux moving downward after snowmelt has started at the snow 
surface. They are refreezing, redistribution of liquid water, and meltwater percolation. 
Colbeck (1972) showed that the rate of propagation of melt flux through ripe snow is 
proportional to the melt intensity to the 2/3 power. The more intense the melt is, the faster 
the meltwater travels through the snow cover. As meltwater proceeds, vertical drains form, 
and meltwater flows preferentially through these drains. Bengtsson (1986) states that it may 
take more than a day of surface melt before any water leaves a moderately deep snowpack if 
the snow is initially dry. Bengtsson (1984) showed it was possible to calculate surface melt 
with a high degree of resolution using the formula 
m = C T „ + { \ - a ) R J  F  (2-5) 
where m = snowmelt 
C = a temperature index 
Ta = air temperature 
a = snow albedo 
Rj = solar radiation 
F = latent heat of fusion. 
The problem is that the temperature index C and the albedo must be known. Bengtsson 
concluded (1986) that using a degree-day method on a day-to-day basis, surface melt is not 
computed correctly for each day, but the average over several days is correct. 
The process of forming large coarse ice crystals within the snowpack is called 
ripening. As this process occurs over time as the snow density increases. A ripe snowpack 
has large ice crystals, and consequently large pore spaces and low capillary retention. Once a 
snowpack is homogeneously ripe and is melting, high daytime temperatures increase the 
liquid water content while freezing temperatures at night cause a lowered water content at all 
depths. Gerdel (1945) showed the water content change was due to drainage of free water at 
night and not to freezing the water within the snowpack. 
As energy is added to a snowpack it becomes isothermal at 0°C (Shoemaker, 1971). 
The specific heat of water is generally assumed to be 1.0 cal/gm-°C. Below freezing the 
specific heat of snow is 0.5 cal/gm-°C. The heat of fusion for water is 80 cal/gm. Dry snow 
can certainly be below freezing. It warms up with incoming energy until melting starts and it 
becomes isothermal. Once the snowpack has become isothermal, all incoming energy melts 
the snow. The amount of water refrozen through cold overnight temperatures is a thin layer 
on the surface, and is usually ignored. 
Iowa's average seasonal snowfall ranges from 25 inches in Southeast Iowa to over 40 
inches in Northeast Iowa (Shoemaker, 1971). The density of a snowpack can vary from 
about 0.08 cm^ of water per cm^ of snow to about 0.50 cm^/cm^. Density increases with time 
(Riesbol, 1954). Work (1948) concluded that increasing density during early winter is due 
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primarily to settling, and later in the winter it's due almost entirely to melting. Because of 
density differences snowpack depth alone is a poor indicator of water equivalent of a 
snowpack. 
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MATERIALS AND METHODS 
Plot Design 
Twenty-four plots were established in the spring of 1993 in field five at the Iowa 
State University Agronomy and Agricultural Engineering Research Center 13 kilometers 
west of Ames. The plots were established on a Clarion silty clay loam, Typic Hapludoll with 
a 2.9% average slope parallel with the plot direction. Each plot was 3.8 meters wide by 22 
meters long. A randomized complete block statistical design was used with four manure 
application timing treatments and three replications in each of two crops. One block of 
twelve plots was planted to soybeans, the other to com. The crops were reversed the second 
year of the study to simulate a corn-soybean rotation. Manure was applied to both com and 
soybean stubble each year. Figure 1 shows the plot layout for year one, 1993. 
Com Soybeans 
10 11 12 13 14 15 16 17 18 19 2C 22 23 24 
22 m 
3.81 m 
Figure 1. Overall plot layout: upper number is plot number, lower number is 
treatment number 
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Figure 2. Stock tanks at bottom of plots to collect runoff 
Galvanized metal stock tanks were buried at the bottom of each plot to collect runoff, 
as shown in Figure 2. Each tank was 1.83x0.61x0.61 m with rounded ends and a total 
capacity of 0.632 m^. A 1.83x6.1 m subplot at the bottom of each main plot was isolated 
with metal edging, and used for runoff collection. The collection tanks had a capacity of 56.6 
mm runoff depth from the subplots. Galvanized metal edging was installed around each 
subplot to prevent run-in and to direct runoff into the tank at the bottom of the plot. The 152 
mm wide edging was driven into the ground approximately 76 mm. The tanks were aligned 
with the plots, and offset slightly so they could be straddled with field equipment to allow 
field operations to be completed (Figure 3). The tanks were installed with one end 89 mm 
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Figure 3. Offset tanks are straddled by field equipment 
lower than the other to increase the sensitivity of small depth measurements. They were 
covered with plywood lids to keep direct precipitation out. The tops were removable for ease 
of sampling. 
The tanks were calibrated to determine plot runoff depth from liquid depth in the tank 
by pouring known quantities of water into them and measuring the resulting depth (Figure 4). 
Runoff was determined by manually measuring liquid accumulation depth in the tanks 
following each event. Runoff samples were collected by vigorously stirring the runoff 
liquid to suspend any solids, and dipping a sample out of the tank. After each event, the 
tanks were pumped out, cleaned, and prepared for the next event. All runoff samples were 
0 100 200 300 400 
Liquid depth, mm 
SOO 600 700 
Figure 4. Calibration curve for runoff collection tanks 
analyzed for total kjeldahl nitrogen and total phosphorus. Analyses for other constituents 
such as nitrate-nitrogen, ammonia-nitrogen, and potassium were performed on selected 
samples. 
Analyses were performed by the ISU CCE Analytical Services laboratory using the 
following methods: 
Kjeldahl nitrogen - Methods for Chemical Analysis of Water and Wastes (MCAWW) 
351.2 Colorimetric, semi-automated block digester AAII 
Ammonia - Standard Methods for Examination of Water and Wastes (SMEWW) 
45OO-NH3F Ammonia Selective Electrode Method (APHA, 1992). 
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Phosphorus in runoff samples - MCA WW 365.4 Colorimetric automated block 
digestor AAII 
Phosphorus in manure - AOAC 2.026 Gravimetric Quinolinium Molybdophosphate 
Method. Sample preparation by method 2.020C - ignition. 
Solids - Standard Methods for Examination of Water and Wastes (SMEWW) 2540.B, 
Total solids dried at 103-105°C. 
Nitrogen mass loss was calculated by multiplying nmoff volume times concentration. 
A linear relationship M = C x V should exist where M is the mass loss in kg/ha, C is the 
nutrient concentration in mg/1 and V is the runoff volume in kg/ha. Since the initial manure 
nutrient applications varied, the data were normalized by dividing the loss for each event by 
the amount of nitrogen remaining on the plot prior to the event. Losses were expressed as a 
percent of nitrogen remaining. 
Manure Application 
Manure was applied by treatment to both com and bean stubble starting after the fall, 
1993 harvest through spring. 1994, and repeated the following year. Four manure 
applications were accomplished in each of two years with the objective of applying 200 kg/ha 
of nitrogen per plot on each date. The liquid swine manure used was obtained from a 
concrete underground reception pit at the Iowa State University Swine Nutrition 
Management Research Center (SNMRC). The SNMRC is a 200 sow farrow-to-fmish unit. 
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A reception pit receives and temporarily holds manure from shallow^ pits in farrowing, 
gestation, nursery, and finishing units prior to transferring it to an above ground steel tank. 
The fall, 1993, application was injected directly into the soil (Figure 5), following 
harvest using a Badger 8700 slurry tank equipped with injector knives. The slurry tank, 
obtained from the University of Minnesota, had hydraulically driven, individual, progressive-
cavity pumps to supply each of four injection tubes on the applicator. The application rate 
could be controlled individually for each tube. Due to time and economic restrictions this 
unit was not used the second year of the experiment. The fall, 1994, application was 
broadcast by hand and immediately incorporated by disking. All winter and spring 
applications were broadcast manually both years (Figure 6). 
Figure 5. Fall manure injected into bean stubble 
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Figure 6. Manure broadcast on top of snow 
Broadcast applications were accomplished by pumping manure with a gasoline-
engine-driven centrifugal pump through a 38 mm diameter manually-held hose while 
sweeping back and forth across the plots. For all broadcast applications manure was 
transported from the swine farm to the plots in an 1815-liter high density polyethylene tank 
mounted in a grain wagon. The same pump was used to fill the tank and spread the manure 
on the plots. Graduations every 189 liters (fifty gallons) on the tank provided positive volume 
control; each plot received 567 liters of manure except for the fall, 1993 application. The 
fall, 1993 treatment received 441 liters (52,721 kg/ha) of manure based on previous sample 
analysis. Samples for laboratory analysis were collected during application. All other 
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applications were 567 liters per plot (67,783 kg/ha). The nutrient concentration of the 
manure varied significantly, resulting in nonuniform applications as shown in Table 1. 
Application volumes could be controlled precisely using the graduated tank and 
broadcast method. After the first fall application, manure application volumes were 
increased due to the low nutrient concentrations. Because of the variation in the nutrient 
concentrations between application events, the total mass of nutrients applied varied 
significantly between dates (Table 2). Average and standard deviations of nutrient 
concentrations over the two year project were; 
Table 1. Nutrient concentrations in manure applied to winter plots 
Date Volume Kjeldahl-N Ammonium-N Phosphorus Potassium 
kg/ha mg/1 mg/1 mg/1 mg/1 
11/12/93 52899 2010 2100 305 1360 
1/5/94 67996 3445 3200 988 1709 
2/14/94 67996 3055 2865 411 1840 
4/1/94 67996 5380 442 1547 2570 
11/23/94 67996 2360 2150 1220 301 
12/20/94 67996 3020 2710 600 
1/26/95 67996 3365 299 605 
3/23/95 67996 8020 3755 787 1680 
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Kjeldahl nitrogen : mean = 3832 mg/1 standard deviation = 1966 mg/1 
Total phosphorus ; mean = 808 mg/1 standard deviation = 422 mg/lAverage and 
Standard deviations of nutrient applications on a mass basis over the two year project were: 
Kjeldahl nitrogen : mean = 257 kg/ha standard deviation =138 kg/ha 
Total phosphorus : mean = 54 kg/ha standard deviation = 30 kg/ha 
Ammonia levels were also important, as ammonia is potentially subject to volatilization loss. 
Ammonia average application rate and standard deviation for the two years of study were: 
average = 145 kg/ha standard deviation = 86 kg/ha 
Solids content varied from 0.90 to 4.61% with an average of 1.95%. 
Table 2. Mass of manure nutrients applied to winter plots 
Date Volume Kjeldahl- N Ammonium-N Phosphorus Potassium 
kg/ha kg/ha kg/ha kg/ha kg/ha 
11/12/93 52899 106.3 111.1 16.1 71.9 
1/5/94 67996 234.2 217.6 67.2 116.2 
2/14/94 67996 207.7 194.8 27.9 125.1 
4/1/94 67996 365.8 30.1 105.2 174.7 
11/23/94 67996 160.5 146.2 83.0 20.5 
12/20/94 67996 205.3 184.3 40.8 
1/26/95 67996 228.8 20.3 41.1 
3/23/95 67996 545.3 255.3 53.5 114.2 
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In general, fall nitrogen application rates were lower; winter rates were just slightly 
higher; and spring rates were higher than planned application rates. 
Snow Measurements 
Snowdepth was measured following each snowfall event, periodically between 
snowfall events, and in warm weather during melting. Measurements were taken 
manually with a ruler midway between rows. 
In 1993-1994, four replications were taken in each of two com stubble plots and 
two bean stubble plots. The same four plots were measured each time. In 1994-1995, six 
replications were taken from randomly selected plots for each of four treatments; com 
stubble, disked com stubble, bean stubble, and disked bean stubble. Since the ground 
surface was not level, measurements were taken to describe the surface irregularities. 
Elevation deviations from a reference plane were taken at 50 mm intervals, perpendicular 
to the rows, to define the surface contour. 
Snow density measurements were taken by probing the snow with a 38.0 mm 
diameter plastic tube. The tube was inserted into the snow down to the soil surface. 
Snow remained in the tube as the tube was extracted. Snow depth was measured by 
inserting a ruler into the remaining hole (Figure 7). The snow remained in the tube, as it 
was extracted, until the tube was tapped. The snow would then easily slide out of the 
tube into a 500 ml sample bottle. Typically three probes were taken to fill the sample 
bottle, giving a total snow sample depth of approximately 750 mm. The collected snow 
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Figure 7. Measuring snow depth for density determination. Snow was removed to 
expose the "buried" manure layer 
was melted and measured in a graduated cylinder to determine the volume of water per 
volume of snow. 
Weather 
An official weather station exists at the research center, near the plots. The 
official station was used as the primary source of weather data. Additional temperature 
data was obtained for specific parts of the project using a Campbell Scientific CR-10 
data logger and copper-constantan thermocouples. 
30 
Ammonia Volatilization 
Changes in ammonia content of the manure/snow/soil mixture during cold 
weather were measured in three different experiments; one using raw manure, one using 
manure applied to snow, and one using manure applied to soil. 
Experiment 1 
Three 150 mm by 15 mm petri dishes were filled with raw manure liquid and set 
outside so as to be exposed to the atmosphere. Subsamples of the liquid were collected at 
intervals (approximately every other day) until the manure was exhausted. The 
subsamples were tested for TKN and ammonia. When the first set of samples was 
exhausted a second set was filled and set out. This experiment ran from 12/28/94 to 
1/15/95. Subsamples for analysis were dipped out. Obtaining representative subsamples 
was difficult due to the shallowness of the dishes, and the fact that they were sometimes 
frozen or partially frozen. 
Experiment 2 
Three large open plastic drums painted white to avoid excessive solar radiation 
warming were filled level full with snow. Each 0.508 m diameter by 0.254 m deep drum 
was filled by scooping snow in from nearby fresh drifts and leveling them with a straight 
edge. Snow density cores were taken immediately after filling, and 1000 milliliters of 
raw liquid manure was "broadcast" on the snow to simulate a manure application at the 
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same rate the plots received. The maniu'e and snow were each sampled individually at 
the time the manure was added to the snow. The snow/manure mixture was sampled 
immediately, then every other day for 6 days, then once a week for two more weeks when 
enough melting occurred to force discontinuation. Sampling was done by probing the 
full depth of the drums with a 38 mm diameter plastic tube. Three probes were taken in 
each drum at each sampling. The samples were returned to the lab where they were 
analyzed for total nitrogen, ammonia, nitrate, and pH. 
Ambient air temperatures and temperatures under the snow were monitored 
throughout the test using copper-constantan thermocouples connected to a Campbell 
Scientific CR-10 data logger. The data were periodically downloaded to a computer and 
returned to the office for analysis. 
Experiment 3 
Approximately 230 grams of dry soil was placed in each of twenty-seven, 150 
mm diameter by 15 mm petri dishes and weighed; 140 ml of liquid swine manure was 
added to each dish (calculated to approximate field moisture condition); and each mixture 
was weighed. Two replications of the soil, the manure, and the soil/manure mixture were 
selected randomly and analyzed for moisture and nutrient content. The remaining petri 
dishes were set outside at ground level, randomly arranged. They were placed on 25 mm 
X 300 mm wooden planks. A corrugated metal "roof was placed over them 810 mm 
high to prevent direct precipitation from splashing the soil/manure mixture out of the 
dishes, but allow unimpaired air flow across the samples. Sets of three dishes were 
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randomly selected and removed to the lab for analysis at periodic intervals starting at 2 
days, and ending at weekly sampling. The samples were analyzed for total nitrogen, 
ammonia, nitrate, pH, chloride, moisture, and total weight. 
Ambient air temperatures and temperatures of the dish bottoms were monitored 
throughout the test using copper-constantan thermocouples coimected to a Campbell 
Scientific CR-10 data logger. The data were downloaded to a computer for analysis. 
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RESULTS AND DISCUSSION 
A number of factors affect nutrient losses in snowmelt runoff. Factors affecting the 
volume of snowmelt runoff include precipitation amount, accumulated snow depth, snow 
density, and ambient air temperature and duration during melting events. Factors affecting 
nutrient concentration in the runoff include total nutrient application, nutrient losses such as 
ammonia volatilization, and interaction with soil particles. The combination of the runoff 
volume and nutrient concentration combine to define the nutrient loss massflow. The null 
hypothesis to be tested in this study is that runoff water quality fi:om plots is not affected by 
timing of manure applications from fall through spring. 
Weather 
Long term weather 
Weather effects the loss of nutrients from agricultural land dramatically, whether 
manure is applied or not. Total precipitation amount and daily ambient temperatures can 
dramatically affect potential snowmelt runoff volumes. If ambient temperatures are above 
freezing when precipitation occurs, liquid runoff and infiltration can occur, rather than snow 
or ice accumulating. That was the case in December, 1993, during the first year of the study. 
Long term normal winter precipitation, and precipitation for the two winters being studied are 
shown in Table 3. 
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Table 3. Monthly precipitation, Agronomy and Agricultural Engineering Research 
Center, Ames, Iowa 
3-year average 1993 - 1994 1994- 1995 
Month cm cm cm 
November 4.2 2.8 4.5 
December 2.8 1.5 1.9 
January 1.9 2.1 1.0 
February 2.1 1.0 0.7 
March 5.4 0.2 6.0 
Long term average daily temperatures in Iowa fall below 0°C about November 27 and 
remain there for approximately 90 days, until the first week in March. Once snow has 
accumulated, snowmelt is more closely correlated with the maximum daily temperatures 
which typically remain below O^C for approximately 60 days, from mid December to mid 
February. Figure 8 shows 35-year average temperatures for the official weather station 13 
kilometers west of Ames. 
Winter runoff events are infrequent. In the first year of this study snowmelt runoff 
occurred four days between February 15 and March 3,1994. The next winter the first runoff 
event occurred on February 2, 1995. More runoff events occurred on February 18 to 21, and 
March 11,1995. Some of the runoff events occurred when the maximum daily temperature 
exceeded 0° C but the average temperature did not (Figure 9). On four occasions during the 
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Date 
Figure 8. Thirty-five year daily maximum, minimum, and mean temperature, 
1960-1995 
two years, maximum daily temperatures reached above freezing without any snowmelt 
runoff. Major runoff events occurred when both the maximum and the average daily 
temperatures rose above freezing for two or more consecutive days. Shoemaker (1971) 
found Iowa snowmelt correlated most successfully with maximum daily temperature rather 
than average daily temperature. 
Winter 1993-94 
One of the major variables affecting runoff volume is the snovraiass present that can 
melt and become runoff. Because ambient daily temperatures remained warm no frozen 
precipitation fell during the first winter of the study until December 24, 1993. The early-
winter manure application treatment was delayed until early January because the soil was still 
unfrozen. Liquid precipitation occurred through December, but much of it infiltrated and 
only 1.2% (0.033 cm out of 2.67 cm) ran off. Later in the season, runoff resulted from a 
large snovraielt on February 15,16, and 17,1994. No runoff occurred again until April 1. 
The temperatures that caused the February runoff event can be seen on a chart of daily 
temperatures (Figure 9) when the average temperature rose above freezing for the first time in 
59 days. The average daily temperature reached 7.8" C, and the maximum reached 13.3" C. 
Although the maximum daily temperature reached above zero briefly on December 30 and 
January 22, no runoff occurred either time. Some snow remained on the com stubble plots 
following the melting period, but the soybean plots were bare. The total water content of the 
frozen precipitation that fell from December 24,1993 until February 15,1994 was 2.56 cm. 
Assuming a snow density of 0.1 would mean that approximately 25.6 cm of snow fell. 
Snowdepth averaged 23.9 cm in com stubble on February 14, 1994, with a density of 0.275 
to yield 6.57 cm of liquid equivalent because blowing and drifting had concentrated the 
snowmass in areas of tall residue. Soybean stubble averaged 6.97 cm of snow, or 1.92 cm of 
liquid equivalent, less than the 2.56 cm that had fallen. 
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Figure 9. Daily maximum, minimum, and mean air temperature, winter 1993-94 
Winter 1994-95 
The second winter was different from the first. December, 1994, got cold very early, 
causing the soil to freeze beneath frozen precipitation that fell throughout the month. Total 
precipitation for December was 1.88 cm of water, or approximately 18.8 cm of snow. An 
additional 0.79 cm of water equivalent fell in January (7.9 cm snow), which was then 
followed on February 2 by 0.61 cm of rain which contributed to melting and runoff. The 
maximum daily temperature was above freezing for several days, and reached 3.8" C one day. 
SnoMTTielt occurred as part of three different events, February 2, February 18, and March 11, 
1995 (Figure 10). 
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Figure 10. Daily maximum, minimum, and mean air temperature, winter 1994-95 
Snow Depth and Runoff Volume 
Because of wind effects snow does not necessarily remain where it falls in Iowa. For 
the amount of snow received during the two years of the study, crop residue depth had a very 
significant effect on snow depth. Tall residue reduces wind velocity near the ground surface, 
and allows snow to settle out, creating a deeper snow pack in the tall residue. In addition to 
the residue depth, furrows between rows serve to capture blowing snow. As Figure 11 
shows, row cross-sections for the crops in this study were approximately 6 cm deep. The 
cross-sections where manure was injected were 2 cm deeper and rougher, which has two 
implications; 1) snow may accumulate deeper and increase runoff and losses, and 2) deeper 
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Figure 11. Row cross-sections in winter-manured plots 
depressions create more surface detention which can decrease runoff and surface losses. The 
deeper cross sections for the injected plots partially compensate for reduced residue height 
due to some residue destruction during injection. 
Taller com residue accumulated significantly deeper snow depths than the shorter 
soybean residue. Com stubble height averaged 36.5 cm; soybean stubble height averaged 
10.0 cm. In the 1993-94 season, average snow depths for com and soybean stubble were 
17.88 and 7.33 cm, respectively. In 1994-95 the average snow depths were 22.48 cm for no-
till com stubble, 12.17 cm for fall-disked com stubble, and 15.73 cm for manured no-till 
com stubble, indicating that spreading manure on the snow decreased the snow depth 
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slightly. Manured plots as used here were those plots with manure recently applied that still 
showed discoloration from the dark manure. Since spreading manure did not result in 
immediate runoff, it's hypothesized the shallower depth resulted from slight melting, settling, 
and increased density of the manured snow. 
No-till soybean stubble snow depth averaged 10.8 cm, while disked soybean stubble 
averaged 8.20, and manured soybean stubble, 5.20 cm. The manured plot snowdepth was the 
result of a more dense snowpack under the recently applied manure. Snow depth 
measurements in manured plots were taken only when the surface was affected by a recent 
manure application. Once a manured plot was covered by blowing snow the depth was the 
same as non-manured plots. Figures 12 and 13 show snow depth as measured from the 
furrow bottom for the two years of study. 
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Figure 12. Snow and liquid equivalent accumulation depth, 1993-94 
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By combining snow depth with snow density, the amount of water available in the 
snowpack can be determined. Snow density is defined as the depth of the equivalent water 
when the snow is melted divided by the depth of the snowpack. Snow density varies through 
the season, generally increasing as the season progresses. Freshly fallen snow has an average 
density of 8% which increases to 30 to 40% in 50 to 100 days (Riesbol, 1954). Table 4 
shows snow densities measured in this study. 
A regression of density versus days after snowfall yields the linear equation 
D = 0.0021X+0.1802 R^= 0.603 (4-1) 
where D = snow density, gm/cc and x = days after snowfall (Figure 14). 
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Figure 13. Snow and liquid equivalent accumulation depth, 1994-95 
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Table 4. Snow densities 
Date Snow Density 
gm H2O/CC snow 
2/14/94 0.273 
2/15/94 0.275 
12/20/94 0.177 
1/12/95 0.231 
1/26/95 0.337 
2/15/95 very dense, ice crusted 
3/10/95 0.173 
Total frozen precipitation during the two years was 3.53 cm water equivalent in 1993-
94, and 4.90 cm water equivalent, including the 0.61 cm rain that caused runoff on February 
2, in 1994-95. It's evident from greater snow and equivalent water depths in both the com 
and soybean residue, that the residue captures more snow than falls as local average 
precipitation amounts. The additional snow caught by the residue increases the potential for 
runoff, hence nutrient loss, from winter applied manure. 
Measured runoff amounts from soybean stubble plots were 3.05 cm less than from 
com plots in year one. Less mnoff would be expected since the snow depth was less in the 
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Figure 14. Snow density versus elapsed time since snowfall 
soybean stubble as shown in Figure 12. 
Surprisingly, slightly larger runoff depths were 
recorded from soybean stubble plots than from com stubble plots in year two, 1994-95. One 
reason for the difference may be that in year two runoff occurred in several smaller events, 
rather than a singular large event. In the absence of a large runoff event (prolonged high 
temperatures) the deeper snow depth in the com stubble may have had enough water holding 
capacity in it's pore space to delay runoff. It took longer to "ripen". Runoff from soybean 
plots was visually noted on occassions when runoff was not occurring from com plots. The 
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final snowmelt event of the season (March 11) was preceded by several days of warm 
weather which warmed and at least partially thawed the soil. Snow was gone from the plots 
from February 21 until March 5, when fresh snow fell (note the snow density in Table 4). 
Average temperature through the period was -1.75°C; the average maximum daily 
temperature was 3.03°C. Runoff from the soybean plots occurred during the next warmup, 
with little runoff from the com plots. Slow release from the deeper snow in the com stubble, 
coupled with potential soil infiltration after the warm period is a possible reason for the lack 
of runoff from com plots. Motovilov (1986) reported a snowmelt period that lasted for a 
month and a half without any water yield from a deep snoM^ack. He attributed the lack of 
runoff to the accumulated water being held in the snowpack. 
Ammonia Loss 
Ammonia loss from manure is a very complex issue. Equilibriums exist between 
NH4"^ adsorbed on organics and NH/ in solution; between NH4^ and NH3 in solution; and 
between the NH3 in solution and in the air. 
Data were collected to determine the overall ammonia loss from manure applied 
during the cold season. In the first trials, groups of 150 mm diameter plastic lids were filled 
with liquid manure and placed imcovered, outside in early January, and subsamples were 
obtained periodically. In trial one the first two samples were collected on consecutive days; 
the third sample was collected two weeks later. Ambient air temperature during the trial 
ranged from 3.9 °C to -23 °C with seven days at freezing or above. The ammonia 
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concentration in the manure after two weeks was 36% of the original concentration as shown 
in Table 5. The difference was highly significant. The proportion of TKN as NH3 varied 
from 81% at the start of the experiment to 88% at the end. TKN was reduced by 66% after 
two weeks. A reduction in TKN would have to reflect ammonia loss, unless organic matter 
was mineralized which was unlikely at the cool temperatures. 
Table 5. Ammonia and total kjeldahl nitrogen concentrations in liquid swine manure, 
trial 1 
Nitrogen Concentrations, mg/l 
12/28/94 12/29/94 1/13/95 
TKN NH3-N TKN NH3-N TKN NH3-N 
Repi  3200 2610 3050 2590 1110 950 
Rep 2 3090 2540 2930 2550 1010 920 
Mean 3145 2575® 2990 2570® 1060 935*" 
Table 6 shows average ammonia nitrogen (NH3-N plus NH4^-N) concentrations 
during trial 2. Temperatures during this trial ranged from 0.5 to -12.7 °C with only one day 
above freezing. Because of the cold temperatures and short time duration, little loss would 
be expected. The ammonia treatment means actually showed a slight increase and were 
significantly different at the 5% level. TKN also increased. The increases may have resulted 
from moisture loss, resulting in higher solids content which would account for the higher 
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Table 6. Ammonia and total kjeldahl nitrogen concentrations in liquid swine manure, 
trial 2 
Nitrogen Concentrations, mg/1 
1/12/95 1/13/95 1/15/95 
TKN NH3 TKN NH3 TKN NH3 
Rep 1 2780 2150 2650 2310 3160 2790 
Rep 2 2380 1970 2860 2630 3250 2790 
Rep 3 2800 2390 2610 2410 
Mean 2653 2170® 2707 2463®" 3205 2790' 
TKN concentrations. The samples were not analysed for solids content. In a third study 
manure was applied to 25.4 cm of snow contained in open topped plastic drums, and 
subsampled by probing. Initial ammonia concentrations in the manure samples were very 
low. Analysis of two raw manure samples showed they averaged 3365 mg/1 of TKN, but 
only 299 mg/1 of ammonia. The snow was analyzed and had 0.6 mg/I and l.l mg/1 of TBCN 
and ammonia, respectively. Laboratory error accounts for higher ammonia than TKN at 
these low levels. The resulting snow/manure mixture had a very low initial ammonia 
concentration as shown in Figure 15. It's been documented that conversion from organic to 
ammonia nitrogen occurs in pits after manure is transferred to storage. The manure for this 
application was freshly transferred to the reception pit prior to use. Either the conversion of 
TKN to ammonia continued (highly unlikely) following application to the snow, or the low 
initial ammonia level shown was the result of sampling or laboratory error. Significant 
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initial ammonia level shown was the result of sampling or laboratory error. Significant 
melting was occurring by 2/9/95. Liquids were infiltrating the snow matrix, and it was only 
possible to get a full depth sample in the sampling tube from one of the three pans as the 
snow simply slid out of the tube as the tube was extracted. The final sample on 2/18/95 was 
taken by dipping snowmelt liquid out of the plastic tubs. Since uniform representative 
samples were very difficult to obtain, sampling error could have affected the last two 
samples. Samples were acidified and refrigerated after collection until analysed. Ammonia 
does not appear to have been lost from the snow/manure mixture. Visual observation of the 
probed samples revealed discoloration from manure infiltration into the snow matrix at least 
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Figure 15. TKN and ammonia nitrogen concentrations in snow-manure 
mixture. 
half the depth of the snow (>12 cm). Little ammonia loss would be expected from within the 
snowpack. 
The fourth procedure tested for ammonia loss from manure applied to a shallow layer 
of soil. In this trial, 140 ml. of liquid manure was applied to 230 gm of soil in 150 mm 
diameter petri dishes, so the soil moisture was at or slightly above field capacity. Since no 
infiltration could occur, any losses had to be out the top of the dishes. As described in the 
Methods section, a cover protected the dishes from rainfall and losses due to droplets 
splashing material out. Only volatilization losses could occur. 
Soil and manure samples in the petri dishes were collected periodically and the mass 
of ammonia, TKN, and other constituents were determined. Ammonia in the raw manure 
averaged 376.5 mg per 140 ml manure sample. Ammonia in the soil averaged 19.4 mg per 
230 gm soil sample. The total amount of ammonia in the mixed samples averaged 390.1 mg 
initially. The samples were set out in the open, then collected randomly, three at a time, for 
analysis. Figure 16 shows results from the soil/manure samples after being exposed to 
atmospheric conditions for varying lengths of time from the initial sampling up to 44 day's 
exposure. 
On day one (2/13/95), 61.7% of the applied ammonia was accounted for in the 
soil/manure mixture. Ammonia levels remained relatively consistent for the first three 
sample dates while temperatures remained below freezing. On day five (2/17/95) 100% of 
the applied ammonia nitrogen was detected in the samples. Ammonia levels declined by day 
eight (2/20/95) to approximately 38% of applied, and remained at that level. The data appear 
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to show some ammonia nitrogen loss following the temperature rise to above freezing on 
approximately 2/16/95. Ammonia in the samples averaged 272.1 mg for the first five days (3 
samples) and 136.7 mg for day eight and after. Samples before and after day eight (2/20/95). 
are statistically different at the 90% level. TKN results in samples taken 3/6 and 3/13/95 
700 
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Figure 16. TKN and ammonia nitrogen remaining in soil/manure samples 
were ommitted from Figure 16 because unrealistically high (over 2000 mg/sample) results 
throw the scale of the figure off. The. extremely high values were the obvious results of 
laboratory error. The ammonia values measured on those two dates were 144.9 and 123.4 
mg, respectively, which agreed well with previous and subsequent values. pH plays an 
important role in ammonia volatilization. Low pH restricts conversion of NH4 to NH3 
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which is the form volatilized to the air as shown in the equation 
NH, NH^ {aq) + H* o NH^ (air) (4-2) 
A low pH essentially drives the equation to the left and reduces volatilization losses. 
The pH of the soil at the beginning of the test was 6.55. The pH of the raw manure was 6.9; 
and the pH of the soil/manure mixture at the beginning of the test measured 6.84. It 
increased with time, quickly at first, then more slowly (Figure 17). 
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Figure 17. pH versus time after soil/manure samples exposed to atmosphere 
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Buffering compounds are apparently present which counteract the H+ release as NH3 
is volatilized and more NH/ disassociates. Sommer (1991) and Fordham and Schwertmarm 
(1977) reported that bicarbonate ions and organics were the primary buffering compounds in 
manure slurrry, and that buffering capacity increased with time in storage. Sommer (1991) 
reported an increasing pH at first when manure slurry was land applied, followed by a 
decrease in pH. 
Researchers have documented ammonia volatilization at temperatures near freezing . 
Lauer et al. (1976) reported an average half-life for several trials of 3.44 days. Midgley & 
Weiser (1937) reported losses in excess of 50% over 2 days when manure was subject to 
freezing. Brunke (1988) reported 61% loss in 5 days, and Jayaweera (1990) found a half life 
variation from 6 hours to 144 hours as a function of pH, temperature, initial NH4-N 
concentration, and wind velocity. Beauchamp et al. (1982) reported a tendency for ammonia 
flux to be highest the first and second days from field applied liquid dairy manure. 
Essentially all researchers report increased rates of loss with increasing temperatures. 
Maximum daily temperatures were above freezing firom day four until day 15. The 
average maximum temperature during this time period was 7.8° C. Day 15 to day 25 were 
cold with the maximum temperature just above freezing on three days and the rest well 
below. Wanner temperatures predominated after day 25. Figure 18 shows measured 
ammonia levels in the samples and maximum daily temperatures throughout the duration of 
the test. 
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Nitrogen Losses in Runoff 
Nitrogen losses in surface runoff from manured plots in the experiment were highly 
variable. Losses, as a percent of applied nitrogen, for the four treatments, averaged over the 
two years of the study are shown in Figure 19. Losses from com stubble exceeded losses 
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Figure 18. Ammonia mass in samples and daily maximum temperature, 1995 
from soybean stubble. Losses from the late-winter manure application exceeded losses from 
the other treatments of fall-applied, early-winter, and spring-applied treatments. Losses 
between year one and year two were very different, although dates of snowmelt events were 
similar. 
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Manure nitrogen applications in this study averaged 257 kg/ha over all treatments for 
the two years. The range was from 106 kg/ha in the fall, 1993 to 545 kg/ha in the spring, 
1995, (Figure 20). Variability resulted from a nonuniform manure at the collection pit. The 
initial fall application rate was low due to unexpectedly low nutrient concentration in the 
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Figure 19. Two year average nitrogen loss 
manure. The manure was sampled as it was applied. After the fall application, volumes were 
adjusted upward for the remainder of the experiment. Application volumes were held 
constant for all other applications. Nutrient applications went from low in the fall, to high in 
the spring, both years. 
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Nitrogen loss from corn stubble 
Nitrogen losses in surface runoff from the four treatments (fall incorporated, early-
winter broadcast, late-winter broadcast, and spring broadcast) varied by treatment, crop 
residue type, and by year. Average losses for all four treatments from com stubble for the 
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Figure 20. Manure nutrient applications to snowmelt runoff plots 
two individual cold seasons of the study (November through March) varied by an order of 
magnitude, from 4.4 to 46.0 kg/ha. The lowest loss of any treatment was 0.5 kg/ha for the 
fall incorporated manure year two. The highest was 89.1 kg/ha from the late-winter 
application in year one. As a percentage of the applied manure, the spring treatment lost the 
Vearl Year 2 
• TKN kg/Ha 
• NHS kg/Ha 
• P kg/Ha 
11/12/93 1/5/94 2/14/94 4/1/94 11/23/94 
Date of Application 
12/20/94 1/26/95 3/23/95 
least both years. Table 7 shows an overall summary of nitrogen losses from com stubble 
plots. 
On February 16,1994, the first runoff of year one occurred. A significant amount of 
nitrogen was lost to surface runoff from the winter-applied manure treatments. TKN 
concentrations of 1010 mg/1 were measured in surface runoff from com stubble, and 990 
Table 7. Nitrogen lost in surface runoff from corn stubble plots by treatment, summary 
of averages for ttvo years, in kg/ha and percent of the applied amount 
Fall Early-winter Late-winter Spring 
Incorporated Broadcast Broadcast Broadcast 
kg/ha % kg/ha % kg/ha % kg/ha % 
1993-94 26.1 24.5 37.5 16.0 89.1 42.9 7.9 2.16 
1994-95 0.5 0.31 0.9 0.44 2.8 1.22 0.8 0.15 
mean 13.3 12.4 19.2 8.2 46.0 22.1 4.4 1.2 
mg/1 from soybean stubble, with late-winter applied manure treatments, (the raw manure had 
3055 mg/1 TKN). It was the first runoff event following application of both the early-winter 
broadcast treatment, applied 1/5/94, and the late-winter broadcast treatment, applied 2/14/94. 
Snowmelt runoff followed the late-winter application by two days. The early and late-winter 
manure nutrient application amounts were very similar except for date of application. The 
early-winter application consisted of 0.68 cm of liquid manure with a TKN concentration of 
3445 mg/1 for a total of 234.2 kg/ha applied on January 5,1994. There was a very light 
covering of snow on the date of manure application. The late-winter application on February 
14, was 0.68 cm of liquid manure with a TKN concentration of 3055 mg/1 for a total of 207.7 
kg/ha applied. A heavy snow cover was present when the late-winter treatment was applied. 
Equivalent water depth on the late-winter plots prior to manure application was 6.6 cm If 
uniform mixing had occurred with the snow cover, the resulting nitrogen concentration of the 
mixture would have been 288 mg/1. The measured concentration of 1010 mg/1 indicates that 
uniform mixing did not occur. 
Average runoff depth from the fall-injected plots was 4.04 cm of runoff carrying 24.3 
kg/ha of nitrogen (23.0% of applied). Early-winter plots lost 4.88 cm runoff carrying 34.7 
kg/ha (14.8% of applied nitrogen) during the three day event. Late-winter plots lost 6.72 cm 
or runoff and 67.7 kg/ha nitrogen (32.6% of applied). Spring-applied plots, which hadn't 
received any manure yet lost 6.50 cm of runoff (Figure 21), and 3.63 kg/ha nitrogen. This 
single event accounted for 49 to 61% of the total runoff volume from November until June 
for the four treatments. It carried 93 to 98% of the TKN losses from the three plots with 
manure treatments applied, and accounted for 46% of the losses from the spring treatment 
plots which were essentially check plots at the time of the event. Although runoff volumes 
were only slightly less than the late-winter plots, spring treatment nitrogen losses for this 
event were significantly less because nutrient concentrations were much lower. Table 8 
shows TKN concentrations for the three days of runoff. 
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A similar event was documented by Hensler (1969) when a 1.9 cm (3/4 inch) rain 
followed a manure application within 24 hours. Rimoff from that event accounted for about 
20% of their total runoff for the year. Shulte et al. (1979) documented a "worst case" 
scenario with nitrogen losses of over 50 kg/ha from winter-manured plots one year, and much 
lower losses the other two years of their study. 
In this study, losses for the remainder of the first year (until monitoring ceased, June 
13) were small (Table 9). When the single large February event is neglected, spring-applied 
losses appear to be slightly higher than the other treatment losses, but there are no statistical 
differences among treatments. 
o2/15/94 
• 2/16/94 
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Figure 21. Runoff during February, 1994, snowmelt runoff event 
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Table 8. Kjeldahl nitrogen concentrations, mg/1, in runoff from four treatments for 
February, 1994, snowmelt runoff event 
Date 2/15/94 2/16/94 2/17/94 
mg/1 mg/I mg/1 
Fall applied 6.7 8.7 30.6 
Early-winter applied 33.2 92.4 91.9 
Late-winter applied 1086.0 739.0 116.2 
Spring applied 5.6 3.4 7.0 
The second year, losses were small with no statistical differences among treatments. 
The greatest loss from com stubble the second year was 2.8 kg/ha (1.2% of applied) from the 
late-winter broadcast treatment. Losses from the other three treatments were all less than 1 
kg/ha and less than 1% of the nitrogen applied as shown in Table 9. 
Table 9. Nitrogen mass losses from corn stubble plots except for the February event, 
year one 
Mass Loss 
kg/ha 
Mass Loss 
Percent of Applied 
Fall applied 1.15 1.08 
Early-winter broadcast 2.06 0.88 
Late-winter broadcast 1.59 0.77 
Spring broadcast 4.25 1.16 
59 
Nitrogen loss from soybean stubble 
Nitrogen losses from plots on soybean stubble showed similar trends to com stubble, 
but losses were not as large. Concentrations in runoff from soybean stubble are shown in 
Figure 22. The greatest loss was in year one from the late-winter application plots during the 
2/17/94 runoff event. The late-winter plots lost an average of 2.36 cm of runoff with a 
concentration of 990 mg/1 on day 1, and 0.82 cm with a concentration of 102.9 on day 2. 
The total mass loss for the late-winter plots was 28.7 kg/ha (13.8% of applied). 
Mass losses from the other three treatments during the 2/17/94 event were much less, 
ranging downward from 4.2 kg/ha from the yet untreated spring application plots. The late-
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Table 10. Nitrogen lost in surface runoff from soybean stubble plots by treatment, 
summary of averages for two years, in kg/ha and percent of the applied 
amount 
Fall Early-winter Late-winter Spring 
Incorporated Broadcast Broadcast Broadcast 
kg/ha % kg/ha % kg/ha % kg/ha % 
1993-94 2.7 2.5 3.6 1.5 36.2 17.4 4.2 1.1 
1994-95 0.6 0.4 2.5 1.2 7.0 3.1 o
 
bo
 
p
 
mean 1.6 1.5 3.1 1.4 21.6 10.3 2.5 0.6 
winter application had the greatest overall losses as shown in Table 10. Figure 23 shows the 
overall two-year average mass flow nitrogen relationships for the four treatments and two 
types of crop residue. 
Regression analyses were performed to test nitrogen loss against runoff depth and 
elapsed time after manure application. Regressions were run as functions of crop (com or 
soybean stubble), treatment (fall, early-winter, late-winter, or spring applications), and 
nutrient (N or P). 
Nitrogen losses from winter applied manure to com and soybean stubble are related to 
runoff depth by the linear equations; 
N<. = 4.6904d- 1.2571 R^ = 0.887 (4-3) 
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Figure 23. Two year average nitrogen mass loss for four treatments, corn and 
soybean stubble 
Nb = 0.1019d+ 1.2998 R =0.0087 
where = nitrogen loss from com stubble as a percent of remaining mass 
Nb = nitrogen loss from soybean stubble as a percent of remaining mass 
d = runoff depth in centimeters 
(4-4) 
R = coefficient of determination 
The equations show that winter nitrogen losses from soybean stubble were not a function of 
runoff depth. The low coefficient of determination for runoff from soybean stubble indicates 
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a flat slope, rather than a bad fit was achieved (Figure 24). The standard deviation of percent 
losses from soybean stubble was 2.18%. 
Nitrogen losses were tested against elapsed time since the manure application. 
Research done during warm weather shows ammonia concentrations in land-applied manure 
decrease rapidly at first, then at a decreasing rate with time. Most researchers describe 
ammonia losses in terms of half-life relationships. Using that model, potential nitrogen 
concentrations in the snowmelt runoff should decrease with increasing time between manure 
application and snowmeh, according to the equation 
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Figure 24. Kjeidahl nitrogen losses as a function of snowmelt runoff depth 
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C = Coe"'^'' (4-5) 
where C = ammonia concentration at time, t 
Co = initial ammonia concentration 
e = natural log base 
and k - constant 
Losses should be rapid immediately after application, and progressively slower with time. 
Exponential, power, and linear regressions were tested of winter nitrogen loss against elapsed 
time since manure application. The relationships that yielded the best fit were: 
Ne = 3.6046t"°-^'®^ = 0.2375 (4-6) 
Nb = 2.7884-0.044t R^ = 0.3342 (4-7) 
for corn and soybean stubble, respectively, where t is elapsed time in days, and is the 
corresponding coefficient of determination. The low R for com stubble resulted from a 
great deal of scatter. The soybean stubble slope was flat, essentially independant of time, 
with a low standard deviation of 2.18%, the same as above (Figure 25). The standard error of 
the estimates are 10.98% of remaining N for com and 2.76% for soybeans. The same 
procedure was completed for fall and spring-applied manure. Except for nitrogen loss fi'om 
corn stubble, little interaction with either time or runoff depth was found. Equations are 
summarized in appendix A. 
Since losses are directly correlated with volume and inversely correlated with elapsed 
time, a regression was run for nitrogen loss versus (volume/time). Resulting equations were: 
Nc = 16.214X + 0.592 R^ = 0.864 (4-8) 
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Nb = 0.8228X + 0.8307 R" = 0.059 (4-9) 
where x = runoff depth, cm/elapsed time, days. A high coefficient of determination was 
found for com stubble, low for soybean stubble as shown in the above regression equations 
and in Figure 26. Standard error of the estimates were calculated as 2.94% of applied and 
1.55% of applied for com and soybean stubble, respectively. 
Corn 
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Figure 25. Kjeldahl nitrogen losses as a function of time after manure application 
Phosphorus Losses in runoff 
Like nitrogen, phosphoms losses were variable. Figure 27 shows overall losses for 
both types of crop residue for the two years. The trends of higher losses for the winter 
applications are similar to nitrogen, but total losses are less overall as a percentage of applied 
nutrient. 
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Figure 26. Normalized nitrogen mass loss in snowmelt runoff from corn stubble, 
percent loss versus runoff depth x time"' 
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Figure 27. Two year average phosphorus loss from corn and soybean plots 
Phosphorus loss from corn stubble 
Phosphorus applications in the manure averaged 54.3 kg/ha across all treatments. The 
range was from 16.1 in the fall, 1993, to 105.2 kg/ha in the spring, 1994. The variability was 
due to manure inconsistency. 
Phosphorus losses from com stubble followed the same general trend as nitrogen 
losses. Greatest losses were from the late-winter-applied, then early-winter-applied plots. 
Spring and fall-applied losses were both much less than winter-applied losses. Spring losses 
were slightly less than fall. When expressed as a percentage of the amount applied in the 
manure, phosphorus losses were generally low. On a mass basis, losses were less than 
nitrogen losses since fewer total kilograms of phosphorus were applied (Table 2). First year 
losses ranged from 15.4 kg/ha (55.3% of applied) down to 1.8 kg/ha (1.7%). 
The late-winter-applied plots had the highest overall losses both years. Losses from 
that treatment were 55.3% the first year and 3.0% the second. The next highest losses were 
from the early-winter-applied plots which lost 11.8 kg/ha (17.6% of applied) in year one and 
0.46 kg/ha (1.1% of applied) in year two. Losses from the fall injection treatment were 3.1 
kg/ha the first year and only 0.07 the second. Although the fall-applied losses were relatively 
small, they were nearly 10% of the amount applied since only 16 kg/ha were applied in the 
manure. Spring losses were 1.8 and 0.21 kg/ha for the two years. A summary of losses from 
corn stubble plots is shown in Table 11. 
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Phosphorus loss from soybean stubble 
Phosphorus losses from soybean stubble were less than from com stubble. Winter 
treatments had higher phosphoms losses than spring or fall, but the differences were small. 
One difference from com stubble was that a slightly higher loss occurred from early-winter 
soybean stubble plots than from late-winter. The maximum loss from soybean stubble was 
3.16 kg/ha. Annual soluble phosphoms losses from crop residue without manure are 
generally less than 2 kg/ha (Barisas et al., 1978; Baker & Laflen, 1982). Table 12 shows 
phosphorus losses from soybean stubble plots. 
Phosphoms is normally tightly bound to the soil particles and moves primarily with 
eroded soil particles. Lai & Stewart (1994) state that 75 to 90% of the phosphoms 
Table 11. Phosphorus lost in surface runoff from corn stubble plots by treatment, 
summary of averages for two years, in kg/ha and percent of the applied 
amount 
Fall Early-winter Late-winter Spring 
Broadcast Broadcast Broadcast 
kg/ha % kg/ha % kg/ha % 
Incorporated 
kg/ha % 
1993-94 3.10 19.3 11.80 17.6 15.40 55.3 1.80 1.7 
1994-95 0.07 0.08 0.46 1.1 1.24 3.0 0.21 0.4 
mean 1.59 9.7 6.15 9.4 8.33 29.1 1.03 1.1 
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transported from conventionally tilled land moves attached to soil or organic matter particles. 
The process of winter loss described by Steenhuis et al. (1980) differentiates between 
nutrients on the top and the bottom of a snowpack.. Although snowmelt liquid must infiltrate 
vertically downward where it might interact with the soil particles, they reported little 
particulate movement at the base of the snowpack. Field observations from this experiment 
support their analysis of little particulate movement. Runoff velocities are very slow as 
liquid seeps out of the snowpack. It has little energy to transport solid particles. Although 
lab analyses for total phosphorus didn't differentiate between sorbed and soluble phosphorus, 
little soil erosion was noted and low phosphorus losses were anticipated. The two-year 
average phosphorus losses are shown in Figure 28 for both com and soybean stubble. 
There are three possible reasons for the greater loss from com stubble than from 
soybean stubble: greater runoff volume, more soluble phosphoms available from the greater 
Table 12. Phosphorus lost in surface runoff from soybean stubble plots by treatment, 
summary of averages for two years, in kg/ha and percent of the applied 
amount 
Fall Early-winter Late-winter Spring 
Broadcast Broadcast Broadcast 
kg/ha % kg/ha % kg/ha % 
Incorporated 
kg/ha % 
1993-94 0.43 2.7 3.16 4.7 2.05 7.3 1.55 1.5 
1994-95 0.14 0.2 2.04 5.0 2.54 6.2 0.21 0.4 
mean 0.285 1.5 2.60 4.9 2.29 6.8 0.88 0.9 
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mass of com residue than soybean residue, or less interaction and attachment to soil particles 
due to greater residue mass and a higher percentage of soil cover in the com plots. 
Regressions to relate normalized phosphoms losses to runoff depth and elapsed time 
were run. The following equations resulted from comparing phosphorus loss to runoff depth 
I •Corn stubble  
HBean stubble  
Fal l  Early Late  Spring 
Applied Winter  Winter  Broadcast  
Applied Applied 
Figure 28. Two year average phosphorus mass loss for four treatments, corn and 
soybean stubble 
for winter applied manure: 
P,= 2.6777d + 6.2373 R^ = 0.1071 4-10) 
Ph =-4.2423d+ 23.166 = 0.0725 (4-11) 
where = phosphorus loss from com stubble as a percent of the amount remaining 
Pj, = phosphoms loss from soybean stubble as a percent of the amount remaining 
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d = runoff depth in centimeters 
= coefficient of determination 
As the coefficients of determination show, there was little relationship to runoff depth. One 
reason may be that since phosphorus is not very soluble, unless velocities get high enough 
that the increased energy increases solid particle transport, the extra water would tend to 
cause dilution rather than increase losses. 
Equations to relate phosphorus loss to elapsed time are as follows: 
P, = 0.0395t+18.152 R^ = 0.0013 (4-12) 
Ph = -0.1233t+ 13.407 R^ = 0.0358 (4-13) 
where t = elapsed time in days. Little correlation between phosphorus loss and elapsed tme is 
evident. Since phosphorus is not volatile, concentrations should remain constant near the soil 
surface over time, so little change would be expected with elapsed time. 
One factor that may make a difference between com and soybean stubble is residue 
cover. With less residue cover on the soybean plots, if more soil is exposed, increased 
interaction and immobilization is possible, leading to lower potential losses. The interactions 
can not be determined from the data gathered for this study. 
Soil residue cover was measured fall and spring. Table 13 shows residue cover 
remaining as a percent of soil cover. Although residue cover in the no-till plots was similar 
in the fall, by spring the soybean plots had significantly less cover than the com plots. 
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Table 13. Crop residue cover as a percent of the soil surface 
No-till Injected/incorporated 
% % 
Fail Com 99 58 
Soybeans 96 37 
Spring Com 100 20 
Soybeans 44 12 
Differences between com and soybeans cover in incorporated or injected plots was not as 
great as no-till, but the level of cover was much less both spring and fall. Less cover may 
allow more soil interaction with nutrients as snow melts. 
Crop Yields 
Crop yields were taken. Com yields in 1994 and 1995 as a function of manure 
treatments were significantly different. The two year average com yields ranked from high to 
low by manure treatment are as follows: 
spring 6750® kg/ha 
fall-injected 6190*' kg/ha 
early-winter SSSO*^ kg/ha 
late-winter 5773*^ kg/ha 
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Figure 29 shows the relationship between remaining nitrogen, after deducting winter runoff 
losses, and com yield treatment averages. The grain harvested accounted for 78.9% of the 
remaining manure nitrogen after winter losses in year one. In year two it accounted for 
64.8% of remaining nitrogen. 
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Figure 29. Corn yields versus manure nitrogen remaining after winter 
Figure 30 shows kg/ha TKN applied, lost in surface runoff, and utilized by the com 
crop for each manure application treatment. Two-year average soybean yields varied from 
3993.5 kg/ha to 3575.3 and were also significantly different by treatment as follows; 
early-winter 3993" kg/ha 
spring 3878*' kg/ha 
100 200 300 400 500 600 
Manure Nitrogen Remaining, kg/ha 
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late-winter 3738'^ kg/ha 
fall-injected 3575'' kg/ha 
A negative correlation existed between nitrogen remaining after runoff losses and soybean 
yield. There are two possible reasons: nitrogen remaining after winter losses was higher in 
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z 100 
0 
TKN applied kg/Ha 
TKN used by corn kg/ha 
TKN lost kg/ha 
Manure Application Date 
Figure 30. Manure TKN applied, utilized by corn, and lost in surface runoff 
year two than year one (283.7 versus 188.4 kg/ha), and average soybean yields were lower in 
year two than year one, due primarily to summer weather (4454.2 versus 3138.5 kg/ha). 
With greater remaining nitrogen and lower yields, a negative correlation resulted. Since 
soybeans are a legume, they would not normally be expected to respond to nitrogen 
lA 
additions. Nitrogen utilization exceeded manure nitrogen applied in year one by a factor of 
nearly two. In year two utilization was 86.0% of remaining nitrogen. Figure 31 shows TKN 
application as manure, TKN utilization by the soybean crop, and TKN loss to surface runoff 
for each manure application treatment during the two year study. 
^ TKN appl ied  kg/Ha 
'  TKN used by  beans  kg/ha  
TKN lost  kg /ha  
Manure Application Date 
Figure 31. Manure TKN applied, utilized by soybeans, and lost in surface runoff 
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MODEL 
A mathematical model was developed to predict mass nutrient loss (kg/ha) in 
snowmelt runoff from manure application areas. Mass nutrient loss is calculated as 
snowdepth times density, times nutrient concentration in the liquid 
Input variables to determine runoff volume were snow accumulation depth, snow 
density, and daily maximum temperatures during the melt period. Variables to determine 
nutrient concentration in the runoff were manure volume applied, initial nitrogen and 
phosphorus concentration of the manure, and the time interval between manure application 
and snovraielt. 
The following assumptions were made: 
1. Snow depth is equal to crop residue height. 
2. After December 15, all preipitation falls as snow. 
3. Snow density increases with increasing time after snowfall. 
4. Uniform mixing of snow and manure in runoff occurs. 
5. Ammonia nitrogen is 65% of total nitrogen. The remainder is organic. 
6. All nitrogen loss in runoff is in ammoniacal form. 
7. Density of the liquid runoff equals 1 gm/cc. 
Inputs required for the model were: 
1. Type of residue (com or soybeans) 
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2. Residue height, cm 
3. Date of manure application 
4. Volume of manure applied, kg/ha 
5. Initial nitrogen and phosphorus analysis of the manure, mg/1 
6. Date of last major snowfall 
7. Date of runoff event 
8. Maximum daily temperature on melt period days, °C 
Snow density increases with time. The model calculates snow density based on the 
number of days since the last major snowfall according to the second order regression 
equation 
D = 0.0021^/ +0.1802 (5-1) 
where D = snow density in cm water/cm snowdepth, and = number of days since last 
major snowfall. 
Maximum available equivalent liquid content in cm of the snowpack is calculated as 
L = D * H + h 
where L = equivalent total liquid depth of the snowpack, cm 
H = depth of the snowpack, cm 
h = equivalent liquid depth of the manure application, cm 
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A regression equation for snowmelt was developed to calculate daily snowmelt using 
a cumulative degree-day model similar to Shoemaker (1971). Examination of the two years 
weather data for the study showed that Tn,ax reached 2.5 °C on several occasions during the 
two winters when no runoff occurred. The equation to predict the cumulative snowmelt 
runoff for either a single or multiday melting period is 
d = 0.2082^ C + 0.4842 R" = 0.9818 (5-2) 
where d = cumulative equivalent liquid snowmelt runoff, cm, and ^ C = cumulative degree-
days above 0 "C for a given melting period. The regression equation data is shown in Figure 
32. 
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Figure 32. Cumulative snowmelt as a function of cumulative maximum daily 
temperature degree days above freezing 
78 
Manure nutrient concentration inputs are total phosphorus and total nitrogen.. The 
manure and snow are assumed to mix uniformly and completely. Ammonia nitrogen 
concentration is calculated from total nitrogen concentration as 
where Cg = initial ammonia nitrogen concentration, mg/1 
and TKN = total kjeldahl nitrogen concentration of the snow-manure mixture, mg/1. 
Organic nitrogen is assumed to be lost only as independent manure particulates or as 
particulates attached to soil particles, and is not considered in this model. Nitrogen 
concentration is therefore calculated as soluble ammonia only. Based on the half-life range 
of 2 - 8 days, a half life of 4 days was selected. Nitrogen concentrations were calculated 
according to the equation 
where C = nitrogen concentration in the runoff at time t 
Co = initial ammonia concentration, mg/1 in the soil-manure mixture 
e = natural log base 
and t = time in days. 
Phosphorus losses are a function of crop residue type and elapsed time since manure 
application. For two year's com stubble data, phosphorus concentration is estimated by the 
regression equation 
Co = 0.65TKN (5-3) 
c = c„e-°'"" (5-4) 
P^ . = 14.5/-°"°' (5-5) 
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where = phosphorus concentration in runoff from com plots, mg/l, and t = days since 
manure application. The equation for phosphorus loss from bean stubble is 
P ,  = 3 3 . 2 / ( 5 - 6 )  
where Pb = phosphorus concentration in runoff from bean plots, mg/l. 
Total nutrient mass loss, for both nitrogen and phosphorus, is calculated as the 
product of daily runoff volume times nutrient concentration at the start of that day. Since the 
nutrient concentrations are functions of time, they change each day. Total loss is calculated 
by summing each day's loss over the course of each event: 
M = 'ZV,c, (5-7) 
1=1 
where M= mass nutrient loss, kg/ha 
Vi=daily runoff volume, kg/ha 
Ci= nutrient concentration, mg/l 
i=days since runoff began 
and n = number of days in runoff event. 
A flow chart for the model is shown in Figure 33. The model was used to predict 
runoff volumes and mass nutrient loss for runoff events from the early- and late-winter 
manure application plots. Figure 34 shows a plot of predicted snowmelt runoff versus 
measured runoff for individual events from early-winter and late-winter plots. As shown in 
Figure 34, the model does not predict individual runoff events as accurately as equation (5-2) 
80 
CT Staf^ 
Enter: 
Crop 
Residue height RH 
Manure application date MD 
Manure volume MV 
Nitrogen analysis TKN 
Phosphorus analysis P 
Date of snowfall DS 
Date Tmax >0 DTM 
Calculate initial conditions: 
Average snowdepth SD = RH - 4 
Depth of manure application MAN = MV/plot area 
Snow density SDEN = 0.0021 St + 0.1802 
Total water equivalent TWE = SD*SDEN +MV 
Initial NH3 concentration NCON = 0.65*TKN*MV/TWE 
Initial P concentration PCON = P*MV/TWE 
Enter date D 
Enter T,, 
T 
Calculate cumulative degree days Tmax >0 
C = ZT_ 
Calculate days since manure application 
Calculate potential cumulative snowmelt 
POT = 0.2082C + 0.4842 
F T„ax >5 no J Snowmelt = U 
© 
Figure 33. Spreadsheet model of mass nutrient loss 
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TWE > POT Snowmelt = TWE 
no 
yes 
Snowmelt = POT 
Calculate initial NH3 concentration, NH3| = 0.65*TKN 
Calculate current NH3 concentration, NH3 = NH31 e"' " 
P = 33.199t"""^^^ Crop = Com 
no 
I yes 
P = 14.54t""-^"" 
Daily snowmelt = Cumulative snowmelt - Previous snowmelt 
N loss = Daily snowmelt NH; 
P loss = Daily ^owmelt P 
Calculate cumulative N loss 
/i-l 
SN loss = ^ Nloss^ + Nloss, 
ToB 
Figure 33. (contnued) 
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To 2; B 
Calculate cumulative phosphorus loss 
H-I 
EP loss = ^ Plossj + Ploss,, 
1=1 
' T 
Calculate remaining Weq = Weq^.i - daily snowmelt 
yes 
Another 
day? 
no 
' 
Calculate and print total nitrogen loss, % of applied 
' 
Calculate and print total phosphorus loss. % of applied 
Calculate and print average nitrogen concentration lost 
* r 
Calculate and print average phosphorus concentration lost 
end 
Figure 33. (continued) 
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Figure 34. Predicted versus measured runoff volume, early-winter and late-winter plots 
predicts cumulative snowmeit losses. The variable porous snowmass and possible soil 
infiltration account for much of the variablility. 
Nutrient loss predictions and measured values are shown in Figure 35. Wlien 
normalized and expressed as a percentage of the nutrients remaining at the start of each 
runoff event, the model tends to over predict nitrogen losses. In each set of four bars for a 
given date, the two on the left are the measured and predicted values for the early winter plots 
(longer elapsed time between application and runoff); the two on the right are for the late 
winter plots. 
«• 
1.00 2.00 3.00 5.00 6.00 7.00 4.00 
Measured Runoff, cm 
84 
50 
45 
40 
35 
30 
O 
= 25 
SJ Dfi O 
.r 20 
z 
15 
10 
5 
0 
2/18/94 2/18/94 2/2/95 2/2/95 2/18/95 3/11/95 3/11/95 
corn res. bean res. corn res. Date 
Figure 35. Predicted and measured nitrogen losses from early-winter and late-winter 
manure treatments, as a percentage of the nitrogen present at the start of the 
snowmelt event 
Figure 36 shows measured and predicted phosphorus losses. The model under-
predicts phosphorus losses. The model accurately predicts declining losses with increased 
elapsed time after application. The under-prediction of phosphorus losses is attributable in 
part to the poor correlation of the phosphorus regression equations in the short time regime, 
and the insensitivity of phosphorus losses to runoff volumes. 
The model predicts the overall declining nutrient losses with time. Nitrogen losses 
are over perdicted and phosphorus losses are underpredicted. Further work and more data 
points are needed to refine the model before critical decisions could be based on it alone. 
• Measured N loss % nppiied 
• Iredictcii N loss'/<• applied 
Early winter application Late winter application 
/ 1 i J 1 
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Figure 36. Predicted and measured phosphorus losses from early-winter and late-
winter manure treatments, as a percentage of the phosphorus present at the 
start of the snowmelt event 
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CONCLUSIONS 
Summary 
This study investigated nitrogen and phosphorus losses to snowmelt runoff from 
winter-applied liquid swine manure. Four treatments were examined. The treatments were 
fall-incorporated, or injected, manure, manure applied early in the winter on frozen soil, 
manure applied late in the winter on snow, and spring broadcast manure. Data were collected 
for two winters. 
Over the two years of the study, greater average nutrient losses occurred from winter-
applied manure than from spring or fall applied manure. Losses ranked from high to low 
were late-winter broadcast, early-winter broadcast, fall injected, and spring broadcast. 
Overall, nitrogen and phosphorus loss trends were similar. Twenty two percent of applied 
nitrogen was lost from the late-winter treatment; 29% of the phosphorus applied was lost 
from the same treatment. Although the percentage of applied phosphorus lost was greater 
than the percentage of applied nitrogen lost, nitrogen mass losses in kg/ha were greater than 
phosphorus losses, due in part to higher application rates. The minimum losses were 1.2% 
and 1.1% of nitrogen and phosphorus, respectively, from the spring broadcast treatment. 
Losses were dramatically different between years. In year one, high losses (42.9% of 
applied nitrogen, 36.2% of applied phosphorus) were measured due to a single event that 
accounted for the majority of the year's losses. In year two, losses were very low (1.22% of 
nitrogen, 3.0% of phosphorus) with no significant difference among treatments 
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Snowdepths and runoff volumes were different for different crop stubble. They were 
not different by manure application treatments, however. Snowmelt was closely correlated to 
cumulative maximum-daily-temperature-degree-days above freezing. 
There is risk of losses of nitrogen and phosphorus in surface runoff from 
winter-manure applied manure. For a given application rate, potential losses vary primarily 
as a function of elapsed time since application, and the type of crop stubble the manure is 
applied to. Large losses of both nitrogen and phosphorus can occur if rapid melting and 
runoff occur soon after the manure is applied. The risk of large losses diminishes with time 
after manure application. 
Overall greater nitrogen and phosphorus losses occurred from com stubble than from 
bean stubble. Nitrogen losses from com stubble were a function of runoff volume and 
elapsed time after manure application. Nitrogen losses from bean stubble were independent 
of mnoff volume. 
Ammonia volatilization losses occurred from manure applied to soil, but not from 
manure applied to snow. Manure applied to snow infiltrated into the porous snow mass, and 
little was lost to volatilization. Volatilization losses help explain lower nitrogen losses in 
runoff with increasing elapsed time since manure application. 
Phosphorus losses were independent of both runoff volume and elapsed time after 
manure application for both com and bean stubble. Losses were less from soybean stubble 
than from com stubble. Two possible reasons for the lower losses are increased soil 
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interaction due to less soil residue cover in the soybean plots, and more leaching from the 
residue itself in com plots. 
A single large "catastrophic" snowmelt event shortly after the late-winter manure 
application had a dramatic effect on losses. Without such an event nutrient losses would not 
have been significantly different by treatment either year. All losses would have been low. 
Conclusions 
This study showed that increased risk of losses might result from winter-applied 
manure, although there are years when winter losses will not be any greater than from spring 
or fall-applied manure. If manure must be applied during the winter, the chance of nutrient 
losses can be minimized through good management, by spreading early in the winter when 
the tlireat of snowmelt and runoff is slight. The closer the manure application precedes a 
runoff event, the greater the risk of excessive nutrient losses. The importance of the potential 
for a large snowmelt event soon after manure application cannot be overemphasized. Except 
for one large event during the first year of this study, immediately following application, no 
significant differences occurred between winter-applied treatments, and spring or fall 
treatments. 
Application to soybean stubble is preferable to com stubble on mild slopes because 
snow depth will likely be less. Average nutrient losses from soybean stubble were less than 
losses from com stubble during the first year of this study with the "catastrophic" event. 
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Snow depth, hence runoff volume, is likely to be less in soybean stubble due to the shorter 
residue height. 
With good management and timing, winter manure application need not present a 
great risk for large losses. Producers who know they lack adaquate manure storage capacity 
should plan to apply winter manure early, when risk of loss is low. The later manure is 
applied, the greater the risk for the "catastrophic" loss that might accompany significant 
snowmelt immediately after manure application on the snow. Results from this study show 
that manure applied before the middle of January, and applied beneath the snow, present a 
low risk of large nutrient losses with surface runoff. With poor management and timing (late 
applications), however, the risk of large losses is significant. 
Suggestions for Further Work 
This research project points to several areas of fiirther work that would help define the 
risk of manure application during cold weather. The following are suggestions for further 
work: 
1. Volatilization losses of ammoniacal forms of nitrogen to the atmosphere from surface-
applied manure should be further investigated under winter conditions. Specifically, if the 
time variable is removed, nitrogen losses from manure applications on frozen soil that either 
becomes snow covered, or remains uncovered, could be more precisely defined. 
2. The risk of "catastrophic" losses should be studied as a function of the date of manure 
application. A stochastic analysis of the risk of significant snowmelt within a given time 
90 
period, as a function of the date, would provide further guidance on when manure 
applications in late winter are ill advised. 
3. The role of manure interaction with the soil and/or crop residue needs better definition in 
both com and soybean stubble environments. A better definition of crop residue effects 
limiting manure-soil interaction would help determine if heavy residue is an asset or liability 
in manured fields. 
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APPENDIX A 
REGRESSION EQUATIONS 
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Regression equations for nitrogen and phosphorus losses from manured plots. 
Winter applications 
Percent losses versus R" 
elapsed time, t, days 
N, = 3.6046t - 0.8187 0.02375 
Nb = - 0.44t + 2.7884 0.3342 
Pc = 0.0395t+ 18.152 0.0013 
Pb = -0.1233t+ 13.407 0.0358 
runoff depth, d, cm 
N<.= 1.6904d- 1.2571 0.887 
Nb = 0.1019d+ 1.2998 0.0087 
P, = 2.6777d + 6.2373 0.1017 
P,, =-4.2423d+ 23.166 0.0725 
runoff depth/time, d/t 
Nc= 16.214x +0.592 
Nb=0.822x +0.8307 
0.864 
0.0358 
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Regression equations for nitrogen and phosphorus losses from manured plots. 
Fall applications 
Percent losses versus R" 
elapsed time, t, days 
Ne =-0.00521+1.7662 0.0043 
Nb = -0.0012t-0.0169 0.1374 
Pe = -0.004t+ 1.3599 0.0042 
Pb = 0.0014t-0.0301 0.1011 
runoff depth, d, cm 
Nc = 5.8245d- 1.314 0.8916 
Nb = 0.0364d +0.1297 0.0239 
P, = 4.4768d - 0.9984 0.8969 
Pb = 0.0485d +0.1361 0.0221 
Spring applications 
Percent losses versus R-
elapsed time, t, days 
N, = -0.0004t +0.1349 0.0045 
Nb = -0.00081-0.1636 0.0261 
Pe = -0.0029t +0.286 0.0455 
Pb = 0.00161-0.2342 0.0351 
runoff depth, d, cm 
Ne = 0.0119d +0.1284 0.0014 
Nb = 0.0769d + 0.0949 0.0965 
Pe = 0.0113d-0.2005 0.0003 
Pb = 0.1155d +0.1438 0.0691 
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Ammonia Loss in Cold Weather Manure Dishes ^ Ag E Farm 
Hdqtrs 
Date Descrptn TKN TKN NHS NHS OrgN 
mg/kg mg mg/kg mg mg 
2/13/95 manure 2760.00 1185.06 2670.00 1146.42 38.64 
2/13/95 manure 2780.00 980.81 2650.00 934.95 45.87 
2/13/95 soil 510.00 115.16 130.00 29.36 85.81 
2/13/95 soil 470.00 82.82 40.00 7.05 75.77 
2/13/95 mix #1 770.00 282.07 730.00 267.42 14.65 
2/13/95 mix #13 600.00 219.70 590.00 216.04 3.66 
2/13/95 mix #26 620.00 227.86 650.00 238.88 -11.03 
2/15/95 mix #4 1100.00 409.04 600.00 223.11 185.93 
2/15/95 mix #14 1350.00 503.89 630.00 235.15 268.74 
2/15/95 mix #3 1200.00 436.73 570.00 207.45 229.28 
2/17/95 mix #18 2000.00 658.18 1100.00 362.00 296.18 
2/17/95 mix #22 2080.00 660.67 980.00 311.28 349.39 
2/17/95 mix #23 2140.00 691.48 1200.00 387.74 303.73 
2/20/95 mix #15 1270.00 340.59 390.00 104.59 236.00 
2/20/95 mix #16 1120.00 303.44 420.00 113.79 189.65 
2/20/95 mix #24 1430.00 380.15 410.00 108.99 271.16 
2/27/95 mix #17 2260.00 587.26 510.00 132.52 454.74 
2/27/95 mix #19 2520.00 643.23 500.00 127.63 515.61 
2/27/95 mix #21 2140.00 554.67 390.00 101.08 453.58 
3/6/95 mix #5 11380.00 2936.27 830.00 214.16 2722.11 
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Ammonia Loss in Cold Weather Manure Dishes @ Ag £ Farm 
Hdqtrs 
Date Descrptn TKN TKN NHS NHS OrgN 
mg/kg mg mg/kg mg mg 
3/6/95 mix #7 7780.00 2228.19 380.00 108.83 2119.36 
3/6/95 mix #8 8840.00 2468.57 400.00 111.70 2356.87 
3/13/95 mix #11 6090.00 1707.33 390.00 109.34 1598.00 
3/13/95 mix #20 10500.00 2807.81 480.00 128.36 2679.45 
3/13/95 mix # 25 8110.00 2284.99 470.00 132.42 2152.57 
3/20/95 mix #2 2360.00 602.65 530.00 135.34 467.31 
3/20/95 mix #9 2130.00 538.74 630.00 159.35 379.40 
3/20/95 mix # 27 2030.00 523.27 510.00 131.46 391.81 
3/27/95 mix #6 400.00 128.16 500.00 160.20 -32.04 
3/27/95 mix #10 200.00 64.37 600.00 193.12 -128.74 
3/27/95 mix #12 300.00 93.87 600.00 187.75 -93.87 
103 
Ammonia Loss in Cold Manure Dishes @ Ag E Farm Hdqtrs 
Date Descrptn 
Weather 
N03 
mg/kg 
pH CI 
mg/kg 
Moisture 
% 
Wgt 
gm 
Tare 
wgt 
gm 
Net wgt 
gm 
2/13/95 manure 9.10 6.88 804.00 98.29 429.37 0.00 429.37 
2/13/95 manure 3.70 6.90 805.00 98.43 352.81 0.00 352.81 
2/13/95 soil 36.00 6.56 150.00 3.97 225.81 0.00 225.81 
2/13/95 soil 52.00 6.53 40.00 3.71 176.22 0.00 176.22 
2/13/95 mix #1 16.00 6.91 240.00 34.48 412.32 45.99 366.33 
2/13/95 mix #13 12.00 6.86 250.00 33.71 412.99 46.82 366.17 
2/13/95 mix #26 10.00 6.74 250.00 33.48 413.96 46.45 367.51 
2/15/95 mix #4 27.00 6.91 280.00 34.97 417.75 45.90 371.85 
2/15/95 mix #14 5.00 6.89 30.00 36.38 419.54 46.29 373.25 
2/15/95 mix #3 11.00 7.09 250.00 34.93 410.43 46.49 363.94 
2/17/95 mix #18 20.00 7.07 290.00 25.52 375.04 45.95 329.09 
2/17/95 mix #22 22.00 6.99 280.00 23.88 364.13 46.50 317.63 
2/17/95 mix #23 19.00 7.03 270.00 24.29 369.39 46.27 323.12 
2/20/95 mix #15 2.00 7.00 340.00 10.67 314.96 46.78 268.18 
2/20/95 mix #16 2.00 7.00 350.00 11.47 316.88 45.95 270.93 
2/20/95 mix #24 2.00 6.95 360.00 8.88 312.15 46.31 265.84 
2/27/95 mix #17 59.00 7.12 410.00 5.82 305.77 45.92 259.85 
2/27/95 mix #19 24.00 7.05 370.00 5.86 301.48 46.23 255.25 
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Ammonia Loss in Coid Manure Dishes @ Ag E Farm Hdqtrs 
Weather 
Date Descrptn N03 pH CI Moisture Wgt Tare Net wgt 
mg/kg mg/kg % gm 
wgt 
gm gm 
2/27/95 mix #21 26.00 7.06 360.00 5.97 305.41 46.22 259.19 
3/6/95 mix #5 30.00 7.14 300.00 6.85 304.23 46.21 258.02 
3/6/95 mix #7 30.00 7.08 170.00 15.00 332.64 46.24 286.40 
3/6/95 mix #8 30.00 7.14 220.00 14.90 325.19 45.94 279.25 
3/13/95 mix #11 30.00 7.15 120.00 13.73 326.80 46.45 280.35 
3/13/95 mix #20 30.00 7.28 60.00 10.77 313.88 46.47 267.41 
3/13/95 mix # 25 30.00 7.01 30.00 13.63 328.42 46.67 281.75 
3/20/95 mix #2 30.00 7.29 310.00 5.82 302.19 46.83 255.36 
3/20/95 mix # 9 30.00 7.07 340.00 5.77 299.71 46.78 252.93 
3/20/95 mix # 27 30.00 7.44 280.00 6.75 303.75 45.98 257.77 
3/27/95 mix #6 40.00 7.38 190.00 30.23 366.85 46.45 320.40 
3/27/95 mix #10 30.00 7.25 230.00 29.94 368.66 46.80 321.86 
3/27/95 mix #12 30.00 6.95 130.00 30.70 359.14 46.23 312.91 
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Total Kjeldahl Nitrogen 1993-1994 
Plot No. 11/22/93 12/15/93 2/15/94 2/16/94 2/17/94 3/3/94 4/16/94 
Treatmen -Concentrations, ppm-
2 
2 
2 
2 
2 
2 
o J 
n j 
J 
J 
3 
J 
4 
4 
4 
4 
4 
4 
16 
2 
24 
20 
11 
6 
23 
5 
1 
15 
18 
10 
21 
17 
8 
4 
14 
9 
13 
7 
3 
19 
12 
22 
7.81 
20.40 
30.50 
4.92 
64.4 
4.32 
4.23 
7.04 
33.80 
1.94 
2.23 
8.63 
6.04 
12.5 
7.70 
10.60 
8.15 
9.58 
8.04 
7.57 
11.20 
5.65 
6.84 
6.63 
20.6 
5.00 
3.77 
5.43 
24.00 
42.40 
62.80 
122.00 
350.00 
970.00 
1320.00 
1630.00 
1160.00 739.00 
7.65 
3.05 
4.45 
2.58 14.70 3.54 2.77 
30.10 
6.70 
5.65 
12.70 
98.00 
91.60 
79.20 
48.20 
98.00 
82.10 
152.00 
186.00 
55.60 
80.70 
141.00 
135.00 
98.80 
5.17 
12.00 
3.88 
11.00 
3.48 
14.40 
17.30 
1.44 
2.18 
11.30 
7.47 
31.60 
5.93 
2.49 
4.05 
11.60 
3.97 
5.91 
1.47 
1.38 
2.95 
1.45 
12.50 
12.30 
14.10 
17.10 
7.75 
12.30 
13.30 
11.30 
98.20 
12.80 
17.90 
16.10 
11.00 
26.60 
11.10 
6.65 
22.80 
9.39 
21.20 
31.70 
23.00 
19.80 
13.20 
70.20 
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Total Kjeldahl Nitrogen 
Plot No. 
Treatment 
1 16 3.14 4.61 2.24 12.52 2.81 3.14 
1 2 6.48 2.73 4.82 3.39 6.40 
1 24 3.89 2.33 2.21 11.24 1.68 3.34 
1 20 6.73 2.10 5.91 29.61 3.83 3.01 
1 11 2.07 3.34 3.45 19.59 2.31 2.89 
1 6 9.73 2.82 2.19 25.55 2.11 6.37 
2 23 4.93 1.56 8.77 12.03 2.27 4.59 
2 5 1.91 2.77 4.10 2.22 6.70 
2 1 4.44 3.06 8.36 8.11 3.75 6.55 
2 15 4.46 1.97 2.44 34.19 2.23 16.80 
2 18 4.74 3.68 15.10 15.54 3.98 3.02 
2 10 3.65 2.57 6.55 13.52 9.04 3.00 
3 21 2.61 3.27 2.09 10.28 5.20 3.13 
3 17 5.04 3.07 4.55 43.35 3.15 24.60 
3 8 3.14 6.36 4.37 16.57 2.55 4.05 
3 4 2.21 3.06 3.93 2.24 19.30 
3 14 4.71 1.99 3.47 17.20 2.89 3.13 
3 9 2.45 2.11 3.88 10.92 2.41 25.50 
4 13 7.53 2.93 4.71 14.70 5.60 4.93 
4 7 35.50 2.21 4.32 12.64 2.30 6.20 
4 3 3.90 7.86 12.60 17.78 4.27 12.3 
4 19 8.55 4.10 4.06 10.08 3.21 2.66 
4 12 2.86 2.10 4.16 12.05 4.35 4.83 
4 22 57.30 2.06 3.95 30.33 4.81 7.16 
1993-1994 
4/22/94 5/6/94 5/16/94 6/6/94 6/8/94 6/13/94 
Concentrations, ppm 
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Phosphorus 1993-1994 
Plot No. 11/22/93 12/15/93 2/15/94 2/16/94 2/17/94 3/3/94 4/16/94 
Treatment Concentrations, ppm 
1 2 3.98 0.47 0.82 0.75 6.04 1.39 2.71 
1 6 2.46 0.26 10.4 1.11 1.90 
1 11 8.78 1.14 0.24 1.30 0.13 2.19 
1 16 3.17 0.80 5.19 0.77 3.08 
1 20 2.69 0.43 0.51 2.75 4.35 
1 24 3.89 0.73 0.23 0.60 1.19 1.96 2.99 
2 1 4.50 0.56 9.10 5.43 5.50 
2 5 2.38 0.36 2.12 17.20 8.48 2.99 
2 10 0.81 0.46 7.89 20.50 4.14 5.10 
2 15 0.53 0.52 5.70 20.30 2.45 
2 18 9.00 14.80 20.40 6.34 
2 23 0.99 0.43 24.90 4.33 
3 4 87.70 16.10 1.13 2.02 
o j 8 93.50 10.60 0.55 3.51 
n j 9 88.10 61.60 14.50 1.02 1.64 
J 14 129.00 21.00 1.67 3.59 
3 17 21.40 9.14 6.43 
J 21 15.70 3.13 
4 3 2.54 0.27 10.50 
4 7 0.31 0.11 0.83 0.30 20.80 
4 12 0.14 4.080 
4 13 0.17 0.72 8.33 
4 19 1.55 0.43 0.21 0.22 0.24 16.20 
4 22 0.38 30.70 
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Phosphorus 1993-1994 
Plot No. 4/22/94 5/6/94 5/16/94 6/6/94 6/8/94 6/13/94 
Treatment Concentrations, ppm 
1 2 1.38 0.12 0.71 0.90 0.43 
1 6 1.14 0.10 0.27 2.99 0.35 0.60 
1 11 0.38 0.09 0.08 2.55 0.29 0.43 
1 16 0.63 0.11 0.02 1.49 0.41 0.35 
1 20 1.54 0.06 0.21 3.35 0.75 0.33 
1 24 0.84 0.23 0.01 1.38 0.45 0.64 
2 1 0.58 0.08 0.45 0.84 0.49 0.44 
2 5 0.26 0.10 0.24 0.29 0.55 
2 10 0.74 0.08 0.46 1.88 86.00 0.43 
2 15 1.24 0.06 0.19 1.33 58.00 0.56 
2 18 0.31 0.36 11.9 2.30 3.00 0.44 
2 23 1.64 0.06 0.59 1.23 0.37 0.79 
3 4 0.45 0.08 0.26 0.22 0.76 
n 
:> 8 0.58 0.29 0.29 1.96 34.00 0.55 
3 9 0.26 0.06 0.09 1.22 35.00 1.45 
n J 14 1.06 0.07 0.12 1.76 0.26 0.38 
J 17 0.92 9.00 0.09 4.95 0.49 1.50 
3 21 0.52 0.12 0.01 1.07 0.37 0.20 
4 •n J 0.74 1.65 5.06 2.35 2.92 1.36 
4 7 18.90 0.06 0.82 1.94 0.85 1.63 
4 12 0.69 0.09 0.80 1.71 0.81 0.47 
4 13 2.23 0.09 0.17 1.57 1.12 0.39 
4 19 2.81 0.15 0.01 1.39 0.43 0.34 
4 22 27.40 0.09 0.11 3.87 2.25 1.37 
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Phosphorus 1994-1995 
Plot No. 2/2/95 2/18/95 3/11/95 3/26/95 4/12/95 
Treatment Concentrations, ppm 
1 2 0.91 3.34 4.57 0.35 0.47 
1 6 0.45 1.34 2.16 0.28 0.46 
1 11 0.17 0.60 1.79 0.51 0.71 
1 16 0.02 1.60 0.12 0.17 
1 20 0.21 0.90 1.38 0.34 0.40 
1 24 0.23 1.93 1.45 0.23 0.12 
2 1 0.77 10.70 6.26 1.17 0.99 
2 5 33.40 12.50 5.68 0.86 0.75 
2 10 32.60 11.70 20.8 1.46 1.30 
2 15 0.01 6.93 0.75 0.78 
2 18 0.24 1.46 9.70 0.62 0.38 
2 23 1.16 17.80 10.4 0.50 0.55 
3 4 17.40 5.64 6.32 0.74 1.11 
3 8 24.20 7.14 2.94 0.72 1.18 
n 0 9 0.46 12.30 24.7 1.05 0.82 
n J 14 0.25 7.00 5.98 0.60 0.34 
3 17 14.4 19.50 7.14 0.73 0.64 
3 21 0.07 8.31 3.45 0.22 
4 J 0.45 0.86 1.07 0.41 0.39 
4 7 1.21 0.91 1.81 0.57 4.08 
4 12 0.96 0.36 1.68 0.73 0.52 
4 13 0.10 10.00 1.22 1.02 0.72 
4 19 0.07 2.78 0.79 0.75 
4 22 0.32 2.79 2.02 0.51 0.45 
110 
Total Kjeldahl Nitrogen 1994-1995 
Plot 2/2/95 2/18/95 3/11/95 3/26/95 4/12/95 
No. 
Treatment Concentrations, ppm 
1 2 3.62 5.75 15.20 3.44 1.64 
1 6 2.11 4.14 14.20 3.04 1.60 
1 11 3.06 2.92 23.80 6.20 1.99 
1 16 2.96 — 14.30 2.69 1.80 
1 20 5.48 3.28 25.50 5.71 1.51 
1 24 5.06 5.02 25.40 4.38 1.77 
2 1 3.54 8.01 12.50 13.90 4.13 
2 5 31.30 9.84 15.70 5.42 1.50 
2 10 29.70 10.40 37.20 5.49 3.84 
2 15 4.17 — 10.60 6.75 3.65 
2 18 18.07 7.80 15.10 8.62 1.41 
2 23 3.93 16.40 28.70 4.04 1.10 
J 4 41.80 12.10 22.60 4.03 2.75 
3 8 121.60 17.30 22.70 4.97 11.20 
3 9 6.98 22.40 29.30 5.40 2.29 
3 14 5.25 24.70 16.90 6.84 1.20 
17 21.00 39.90 19.40 5.93 2.53 
3 21 4.93 48.70 5.56 1.64 
4 3 5.30 3.84 5.70 5.56 1.97 
4 7 4.92 2.70 4.73 5.94 9.17 
4 12 6.36 2.49 71.80 8.94 1.46 
4 13 5.51 4.80 8.13 2.24 
4 19 4.83 76.60 6.62 3.24 
4 22 1.57 5.42 6.87 2.91 1.13 
I l l  
Snow depths, Soybean Stubble 1993-94 
Date Julian Plot Rep 1 Rep 2 Rep 3 Rep 4 
Day 
(in.) (in.) (in.) (in.) 
1/4/94 4 1 8.7 
1/4/94 4 4 7.5 
1/4/94 4 10 6.0 
1/7/94 7 9 6.5 6.5 6.5 6.0 
1/7/94 7 10 5.7 5.0 5.5 6.0 
1/8/94 8 9 6.0 5.7 5.7 3.5 
1/8/94 8 10 6.0 4.5 6.0 5.5 
1/9/94 9 9 7.5 6.0 7.2 7.2 
1/9/94 9 10 4.5 5.5 6.0 4.0 
1/10/94 10 9 8.0 6.7 5.7 4.0 
1/10/94 10 10 5.0 4.7 6.2 5.5 
1/15/94 15 9 10.0 9.0 10.2 9.0 
1/15/94 15 10 10.0 9.0 8.5 8.7 
1/20/94 20 9 10.0 9.0 10.2 9.0 
1/20/94 20 10 10.0 9.0 8.5 8.7 
1/22/94 22 9 5.7 7.5 9.7 10.0 
1/22/94 22 10 8.2 8.5 8.2 10.2 
1/24/94 24 9 6.2 7.0 7.7 8.5 
1/24/94 24 10 6.5 8.2 7.5 8.0 
1/25/94 25 9 8.5 8.0 8.0 6.5 
1/25/94 25 10 8.5 7.2 7.2 6.0 
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Snowdepths, Soybean Stubble 1993-94 
Date Julian Plot Rep 1 Rep 2 Rep 3 Rep 4 
Day 
(in.) (in.) (in.) (in.) 
1/27/94 27 9 6.5 6.5 7.2 9.2 
1/27/94 27 10 6.5 4.5 6.2 9.0 
1/29/94 29 9 1.0 8.0 7.0 8.5 
1/29/94 29 10 8.0 9.0 5.75 9.0 
2/1/94 32 9 9.2 7.0 9.5 10.0 
2/1/94 32 10 6.5 7.5 7.7 9.0 
2/5/94 36 9 8.5 10.0 7.7 9.0 
2/5/94 36 10 9.0 8.5 8.5 8.7 
2/10/94 41 9 10.5 10.2 12.5 11.7 
2/10/94 41 10 12.0 11.0 9.5 11.0 
2/14/94 45 9 9.0 10.0 9.2 7.5 
2/14/94 45 10 10.0 9.5 10.5 9.5 
2/16/94 48 9 7.0 7.0 7.0 
2/17/94 48 9 3.0 2.2 6.0 
2/17/94 48 10 4.5 5.0 5.0 
2/17/94 48 10 6.0 4.0 4.7 
2/27/94 58 9 10.0 10.7 10.0 10.0 
2/27/94 58 10 11.0 11.0 9.2 9.5 
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Snowdepth, Corn Stubble 1993-94 
Julian day Plot Rep 1 
(in.) 
Rep 2 
(in.) 
Rep 3 
(in.) 
Rep 4 
(in.) 
1/4/94 4 15 3.9 
1/4/94 4 18 3.9 
1/4/94 4 23 4.0 
1/7/94 7 17 2.7 3.7 3.5 3.2 
1/7/94 7 18 3.2 3.7 1.0 1.5 
1/8/94 8 17 2.0 3.5 3.7 3.0 
1/8/94 8 18 4.7 4.0 3.0 3.5 
1/9/94 9 17 3.0 4.0 3.5 2.5 
1/9/94 9 18 2.5 1.7 3.5 5.0 
1/10/94 10 17 3.0 3.5 4.5 3.5 
1/10/94 10 18 4.2 4.5 2.2 4.0 
1/15/94 15 17 2.7 2.2 3.5 3.2 
1/15/94 15 18 1.5 2.7 4.5 4.2 
1/20/94 20 17 3.0 5.5 3.5 4.0 
1/20/94 20 18 5.0 4.7 4.0 4.0 
1/22/94 22 17 3.0 5.2 3.7 4.0 
1/22/94 22 18 4.7 4.0 3.5 3.5 
1/24/94 24 17 2.5 3.7 1.5 4.0 
1/24/94 24 18 4.0 4.0 3.0 3.5 
1/25/94 25 17 2.0 4.5 1.5 2.5 
1/25/94 25 18 3.2 4.2 2.5 5.0 
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Snow depth, corn stubble 1993-94 
Julian day Plot Rep 1 Rep 2 Rep 3 Rep 4 
(in.) (in.) (in.) (in.) 
1/27/94 27 17 3.0 4.2 3.0 3.0 
1/27/94 27 18 4.0 4.2 2.7 3.7 
1/29/94 29 17 3.5 4.5 3.7 4.2 
1/29/94 29 18 4.5 4.7 3.5 4.2 
2/1/94 32 17 3.2 5.0 3.5 4.0 
2/1/94 32 18 4.5 5.0 4.0 3.0 
2/5/94 36 17 3.0 4.0 2.5 3.5 
2/5/94 36 18 4.2 4.2 3.0 2.5 
2/10/94 41 17 2.7 4.0 4.0 4.0 
2/10/94 41 18 4.2 4.0 2.5 4.0 
2/14/94 45 17 2.2 2.7 1.7 4.2 
2/14/94 45 17 0.5 2.5 2.5 0.0 
2/14/94 45 18 2.0 1.7 2.2 1.7 
2/17/94 48 17 0.0 0.0 0.0 
2/17/94 48 17 0.0 0.0 0.0 
2/17/94 48 18 0.0 0.0 0.0 
2/27/94 58 17 2.5 4.0 2.5 3.2 
2/27/94 58 18 4.0 2.7 3.0 1.2 
3/5/94 64 0.0 0.0 0.0 0.0 
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Snowdepth 1994 -1995 
Date Treatment meas 1 meas2 meas3 meas4 meas5 measG 
(in.) (in.) (in.) (in.) (in.) (in.) 
12/21/94 Beans 7.0 6.7 7.0 7.5 8.0 
12/22/94 Beans 5.5 3.5 3.7 4.5 5.7 4.0 
12/26/94 Beans 5.0 5.0 4.5 2.5 5.0 6.5 
1/9/94 Beans 5.2 6.7 4.7 4.2 5.5 3.2 
1/12/95 Beans 4.5 3.0 6.5 4.2 5.5 3.2 
1/15/95 Beans 3.2 7.0 3.0 6.5 5.0 5.7 
1/26/95 Beans 4.2 6.2 2.5 1.7 3.5 3.7 
2/1/95 Beans 5.0 4.2 4.0 2.5 4.0 2.0 
2/2/95 Beans 4.2 2.5 4.0 3.0 3.0 6.2 
2/15/95 Beans 2.0 0.0 1.0 0.0 4.0 0.0 
2/18/95 Beans all bean plots clear of snow 
12/21/94 Corn 9.5 9.0 10.0 9.7 9.5 
12/22/94 Corn 7.0 7.5 7.7 8.5 7.7 9.0 
12/26/94 Corn 4.7 5.0 7.5 7.5 7.0 9.7 
1/9/95 Corn 11.5 14.0 6.0 9.0 11.5 9.5 
1/12/95 Corn 10.0 13.5 9.75 8.5 10.5 11.5 
1/15/95 Corn 10.7 10.5 12.0 13.0 8.7 10.5 
1/26/95 Corn 10.5 8.2 8.0 5.5 9.5 5.5 
2/1/95 Corn 10.5 12.0 10.0 11.2 7.5 10.5 
2/2/95 Corn 10.5 11.0 9.5 9.2 9.0 10.0 
2/15/95 Corn 9.0 10.2 6.0 9.0 5.2 4.0 
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Snowdepth 1994-1995 
Date Treatment meas 1 meas 2 meas 3 meas 4 meas 5 meas 6 
(in.) (in.) (in.) (in.) (in.) (in.) 
2/18/95 Corn 6.0 5.5 6.0 3.5 7.5 7.0 
12/22/94 Disked 6.0 5.2 4.2 6.0 4.0 5.5 
beans 
12/26/94 Disked 5.5 4.0 2.5 5.0 3.0 5.5 
beans 
1/9/95 Disked 5.7 3.2 3.7 1.5 2.7 2.2 
beans 
1/12/95 Disked 6.0 3.7 4.7 5.5 3.2 5.2 
beans 
1/15/95 Disked 5.2 2.5 6.0 3.0 2.0 4.0 
beans 
1/26/95 Disked 3.0 4.0 3.7 6.2 7.0 1.5 
beans 
2/1/95 Disked 4.5 3.7 5.0 5.2 5.5 1.5 
beans 
2/2/95 Disked 2.2 4.5 3.7 2.7 4.2 3.0 
beans 
2/15/95 Disked 2.5 4.0 2.0 3.5 2.5 0.0 
beans 
12/21/94 Disked 10.0 7.0 8.0 6.7 9.7 
corn 
12/22/94 Disked 3.0 5.0 2.0 5.0 5.0 5.5 
corn 
12/26/94 Disked 3.2 6.0 4.7 5.5 2.7 4.0 
corn 
1/9/95 Disked 7.5 7.0 5.0 6.5 5.0 3.7 
corn 
1/12/95 Disked 13.2 8.5 4.0 3.5 12.0 3.5 
corn 
1/15/95 Disked 9.0 8.7 3.7 3.0 4.7 3.2 
corn 
1/26/95 Disked 8.0 7.5 7.5 3.5 1.2 2.2 
corn 
2/1/95 Disked 7.5 6.5 3.2 3.0 4.5 0.0 
corn 
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Snowdepth 1994-1995 
Date Treatment meas 1 meas 2 
(in.) (in.) 
2/2/95 Disked 
corn 
2/15/95 Disked 
corn 
2/18/95 Disked 
corn 
12/22/94 Manured 
beans 
12/26/94 Manured 
beans 
2/1/95 Manured 
beans 
2/2/95 Manured 
beans 
12/22/94 Manured 
corn 
12/26/94 Manured 
corn 
2/1/95 Manured 
corn 
2/2/95 Manured 
corn 
2/18/95 Manured 
corn 
meas 3 meas 4 meas 5 meas 6 
(in.) (in.) (in.) (in.) 
6.5 7.0 
3.5 4.5 
0.0 0.0 
3.5 3.5 
about 30% cover on i 
about gone 
3.7 7.0 
2.7 3.5 
7.5 7.0 
5.2 3.0 
11.0 11.5 
8.7 8.5 
3.2 5.0 
7.0 2.5 
5.5 0.0 
0.0 1.0 
3.5 4.7 
three plots...snow 
3.0 5.0 
2.0 4.0 
5.0 5.5 
6.0 8.5 
8.7 10.2 
6.0 9.0 
6.0 0.0 
2.5 0.0 
0.0 0.0 
3.7 4.2 
4.2 4.5 
4.7 1.0 
2.5 4.2 
7.0 9.0 
5.0 6.5 
9.0 10.2 
8.0 9.5 
2.7 4.0 
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Runoff depth in tanks 1993-94 
Corn stubble 11/22/93 12/15/93 2/15/94 2/16/94 2/17/94 4/16/94 
Plot Treatment (in.) (in.) (in.) (in.) (in.) (in.) 
2 1 2.1 2.1 2.0 2.5 11.0 2.2 
6 1 2.0 1.9 24.0 2.1 
11 1 1.9 1.2 0.5 1.2 10.0 2.0 
1 2 2.0 2.1 24.0 1.1 
5 2 1.7 1.0 0.5 1.2 24.0 1.5 
10 2 2.0 2.2 1.2 7.2 3.1 
4 o J) 2.0 1.7 1.2 2.2 24.0 2.1 
8 o J 2.0 1.6 3.7 24.0 3.4 
9 •n J 1.9 2.0 1.0 1.7 24.0 2.6 
o J 4 2.0 2.7 1.2 24.0 2.9 
7 4 2.0 2.7 1.0 1.5 24.0 7.5 
12 4 1.7 1.9 2.6 
Runoff depth in tanks 
(continued) 
Corn stubble 
1993-94 
4/21/94 5/6/94 5/17/94 6/6/94 6/8/94 6/13/94 
Plot Treatment (in.) (in.) (in.) (in.) (in.) (in.) 
2 1 0.7 2.9 3.5 0.5 8.5 2.0 
6 1 1.1 1.7 2.2 1.4 6.5 2.0 
11 1 1.7 2.2 5.2 1.5 4.0 2.0 
1 2 1.0 2.0 5.0 1.2 4.0 2.0 
5 2 1.5 2.1 7.0 0.5 5.0 2.5 
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Runoff depth in tanks 1993-94 
(continued) 
Corn stubble 4/21/94 5/6/94 5/17/94 6/6/94 6/8/94 6/13/94 
Plot Treatment (in.) (in.) (in.) (in.) (in.) (in.) 
10 2 1.2 2.0 3.5 1.6 8.0 2.2 
4 n j 1.5 2.2 1.5 0.5 1.9 1.5 
8 2.1 3.2 3.1 2.4 13.5 2.7 
9 n 0 1.7 2.6 5.1 1.7 7.7 2.2 
J 4 1.5 2.1 5.0 1.7 4.0 2.2 
7 4 3.1 2.5 4.7 2.1 21.1 2.0 
12 4 1.9 3.0 3.1 2.1 4.5 2.5 
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Runoff depth in tanks 1993-94 
Plot 
ble 11/22/93 12/15/93 2/15/94 2/16/94 2/17/94 4/16/94 
Treatment (in.) (in.) (in.) (in.) (in.) (in.) 
13 4 2.2 2.0 2.0 0.5 3.2 
14 J 2.0 2.0 1.5 3.5 2.0 3.5 
15 2 1.7 1.5 0.7 2.0 2.0 
16 1 2.1 1.2 1.7 3.1 
17 o J 2.0 1.0 1.7 
18 2 1.9 2.4 1.5 2.2 
19 4 2.0 2.0 2.5 3.0 
20 1 2.0 2.5 4.5 8.0 2.1 
21 J 2.4 2.5 1.5 2.6 
22 4 2.1 1.0 1.2 3.2 
23 2 1.9 2.4 1.0 1.7 2.7 
24 1 1.9 1.4 1.5 1.5 1.9 
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Runoff depth in tanks (continued) 1993-94 
Bean stubble 4/21/94 5/6/94 5/17/94 6/6/94 6/8/94 6/13/94 
Treatment (in.) (in.) (In.) (In.) (in.) (In.) 
13 4 2.1 3.2 1.5 2.2 6.2 2.5 
14 2.5 3.7 1.5 2.6 12.0 2.0 
15 2 1.7 2.9 3.1 2.0 6.0 2.2 
16 1 2.1 3.1 2.5 2.5 14.0 2.5 
17 o 0 1.7 1.7 3.1 1.2 9.2 2.0 
18 2 1.7 2.5 5.0 1.6 13.0 2.0 
19 4 2.0 3.0 2.1 2.2 5.0 2.5 
20 1 1.2 2.7 1.0 1.5 11.0 2.2 
21 J 1.5 1.9 1.7 2.0 4.2 2.5 
22 4 3.1 2.9 1.7 1.4 15.0 4.0 
23 2 2.0 3.0 2.0 2.1 7.7 2.0 
24 1 1.2 1.6 1.0 1.5 18.5 2.5 
122 
Runoff Depth in Tanks 1994-95 
Bean Stubble 2/2/95 2/18/95 2/21/95 3/11/95 3/26/95 4/12/95 
Plot Treatment Depth Depth Depth Depth Depth Depth 
(in) (in) (in) (in) (in) (in) 
2 1 3.3 1.8 1.9 3.8 
6 1 5.3 10.5 4.3 2.3 4.3 
11 1 2.0 3.0 0.0 0.0 2.5 4.0 
1 2 3.0 10.0 8.0 1.8 3.3 
5 2 3.5 14.5 6.0 0.8 2.0 3.5 
10 2 5.3 5.0 0.0 0.0 2.3 4.0 
4 3 12.5 14.5 7.5 12.0 2.5 4.1 
8 3 2.3 4.3 
9 3 1.8 1.0 0.0 1.0 2.5 4.0 
3 4 1.8 11.0 9.0 5.4 2.8 4.0 
7 4 2.3 5.3 
12 4 3.3 6.5 0.0 0.0 2.5 4.3 
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Runoff Depth in Tanks 1994-95 
Com Stubble 2/2/95 2/18/95 2/21/95 3/11/95 3/26/95 4/12/95 
Plot Treatment Depth Depth Depth Depth Depth Depth 
(in) (in) (in) (in) (in) (in) 
16 1 1.3 0.0 0.0 1.0 2.6 4.5 
20 1 1.5 2.8 0.0 0.8 2.0 4.0 
24 1 0.8 3.5 0.0 1.0 1.5 4.3 
15 2 1.0 0.0 7.5 5.0 2.0 3.9 
18 2 1.5 1.0 0.0 0.8 1.5 2.8 
23 2 2.0 2.5 1.5 0.8 2.3 3.8 
14 3 2.0 1.5 14.5 0.0 2.9 4.5 
17 3 1.5 7.5 7.8 1.8 2.3 4.0 
21 3 1.0 0.0 0.0 0.8 2.1 3.8 
13 4 1.0 0.0 0.0 0.0 1.0 3.3 
19 4 1.3 0.0 0.0 1.0 2.5 4.0 
22 4 1.8 6.3 5.5 3.5 2.3 4.3 
19 4 1.3 0.0 0.0 1.0 2.5 4.0 
22 4 1.8 6.3 5.5 3.5 2.3 4.3 
